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A statistical thermodynamic treatment of uni-bivalent exchange 
reactions is used to determine the free energy and enthalpy changes of such 
reactions with both laboratory prepared and commercially available strongly 
basic resin exchangers.
It is shown that the plot of In jK ^f^C /f^^] (where is the mass 
action constant for the exchange reaction, C is the total equivalent ionic
of the exchanger and and f^  
are the activity coefficients of the ions in solution) against the ionic fraction 
of the bivalent ion in the exchanger at equilibrium is not always linear.
The degree of curveture of this plot varies with temperature, with cross- 
linking and with resin structure.
The van't Hoff isochore is used to calculate values of A  H from  
data obtained by equilibrium experiments. In general good agreement .is 
obtained between the enthalpies obtained in this manner and the values measured 
directly in a non isothermal reaction calorimeter, thus supporting the theoretical 
treatment which is used to describe the ion exchange process.
An empirical correction term  is introduced which explains deviations 
from linearity of the selectivity plots for ehloride-oxalate exchange in terms of 
non uniformity of crosslinking of the ion exchange gel. This correction is 
not as successful in ths treatment of results for chloride-sulphate exchange and 
it is concluded that this is possibly due to differences in structure of the oxalate 
and sulphate ions.
The application of an iterative procedure to the values of co , (an energy 
term  associated with placing two bivalent ions on adjacent exchange sites) and EL,
( th© thermodynamic equilibrium constant) obtained by experiment, enables the 
ion exchange isotherm to be calculated with accuracy. The implication is that an 
approximate knowledge of the values of <o and for particular exchanging ions 
and resin allows the exchange isotherm to be predicted.
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S E C T IO N  1
INTRODUCTION
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The earliest workers in the field of ion exchange recognized 
that although two ions would exchange with one another in stoichiometric 
quantities, they would not in general be held equally strongly by the 
exchanger (1). It was found that if an exchanger was allowed to equilibriate 
with a liquid medium, and if after equilibrium between the two phases had 
been reached, the medium contained two exchangeable ionic species, then 
the ionic fractions of these species in the exchanger differed from the ionic 
fractions of the same species in solution. This preference of the ion 
exchanger for one species rather than another is now called selectivity.
For a given exchanger a series of counterions of a given valency 
can be arranged in order of increasing affinity for the surface. However 
it has been found that there is no unique order as the relative affinity depends, 
in th© case of an organic exchanger, upon the number and nature of structurally 
bound ionogenic groups, upon the crosslinking of th© polymer and upon the 
nature and composition of the external aqueous solution.
Quantitative Definition of Selectivity
Consider an exchanger ia equilibrium with two counter-ions A and
B of valency z A and z .ii a
ZA  z   ZA z
zb A  + za B  ^=2! zB A  + 2a B  • • • 1:1:1
where the barred formulae denote species in the resin phase. The equivalent
Zfraction x^ of a counter-ion A in solution is given by x^ 53 A A where
SLz.m.i i
the summation is carried out over a ll counter-ion species and m. is the molality 
of species i.  The selectivity of a system may now be defined in a number of 
ways including (a) the ion exchange isotherm (b) the separation factor 
(c) selectivity or distribution coefficients and (d) the thermodynamic 
equilibrium constant for the exohange reaction.
1:1 General Description
_ 3 „
The ion exchange isotherm is a graphical expression in which the 
ionic fraction x^ of the counter ion A in the ion exchanger is plotted as a 
function of the equivalent ionic fraction x^ in the solution whilst other 
variables e.g . temperature are kept constant. If the system represented 
in equation (1:1:1) shows no preference for A or B, then the isotherm is linear 
according to the relation -  x^ . In practice isotherms are curved, the 
curveture reflecting the preference for one ion or the other*
The separation factor.
AThe separation factor may be obtained directly from the
exchange isotherm and is defined by
(a) The ion exchange isotherm.
It is the quotient of the concentration ratios of the two counter ions in the 
ion exchanger and in the solution. As such it is dimensionless and is 
not affected by the choice of concentration units.
(c) The selectivity coefficient.
The selectivity coefficient is often found to be the most convenient 
way of expressing selectivity for theoretical studies. The molal selectivity 
coefficient may be defined by
where again m. and z. are the molality and charge respectively of the species i.  i  i  A
By substitution of molarities or equivalent ionic fractions the molar (K1^ ) and
the rational (^K^S selectivity coefficients are obtained. For counter ions of 13
equal valence the numerical values for a ll three coefficients are identical i.e .
1:1:2
1:1:3
The distribution coefficient m a y  be defined in molal terms as
_ m. „  x  m - - ,
Ai m. x. mi  i
The preference for one ionic species over another in the resin phase is a 
reflection of the activity ratio of the two species in that phase. 3f for the 
present purpose the activity of an ion is considered as a measure of its 
escaping tendancy, then the preference of the resin phase for the two counter­
ions is the inverse of the ratio of their activities. The selectivity 
coefficient represents the net resultant of a ll the interactions in both the
exchanger and solution phases that give rise to selectivity. Thus it is
Anow possible to define another quantity Ka^ which represents the preference
a
of the exchanger phase only, relative to the ideal state where no preference
exists. This term  is called the corrected selectivity coefficient since it may
be obtained from after correcting the latter for preferences in the
b
solution phase. ff the exchanger has no preference, relative to the
Astandard state, for the ion A ( i, e . KaB *  1) and if the activity of this ion, 
a A , in solution is greater than that of the ion B, the exchanger w ill at equilibriumZA  Zg zA
contain more A than B. The ratio x A /  x^ w ill be equal to a^ /  and 
2 2
= f< * / ,  This is the selectivity due to interactions within the 
solution phase. Now
KaA N„A ,ZA* f  A / f AB ( by definition )B/ B B A
- ZB ZA
XA ®B . . . 1:1:5
- ZA ZB
* b aA
__ A or KaB
and all selectivity due to interactions in the solution phase has been eliminated.
If interactions in the exchanger phase are corrected in a sim ilar manner by
introducing a factor T, / f _  where T. and f_ are the activity coefficientsA  B  A  B
in the exchanger phase then a ll selectivity is eliminated and = 1 i.e .
Hence the corrected selectivity coefficient is the ratio of the
activity coefficients in the exchanger phase. This way of expressing 
AKa^ was firs t suggested by Bauman and Eichhorn (2).
(d) The thermodynamic equilibrium constant.
This is defined by the relation
A G ° = \  ' RT In 1 4  • . # IxlsS
A B B
where A G ° is the standard free energy of exchange* The thermodynamic 
equilibrium constant is a true thermodynamic constant depending only upon 
temperature. This is in contrast to the selectivity coefficients which correspond 
to a single point on the exchange isotherm. The numerical value of the 
thermodynamic equilibrium constant depends on the choice of standard state.
It is equally valid to use either a molal or rational scale for the definition of 
the equilibrium constant* The value for the latter obtained by use of the 
molal scale has a value close to unity as the same reference and standard 
states are used for both the exchanger and the external solution. The reference 
state (with activity coefficients equal to unity) is a solution or pore liquid of 
infinite dilution and the standard state (activity equal to unity) is an approximately 
one molal solution or pore liquid* The use of the rational scale to evaluate 
the equilibrium constant results in its value reflecting selectivity effects with
- l i ­
the values of the activity coefficients becoming merely small correction 
factors. This arises because the molal concept is retained for the 
external solution but the exchanger is considered to be a solid solution 
of the swollen resinates KA and RB. Both the standard and reference 
states are taken to be the respective monoicnicforms of the exchanger 
in equilibrium with water.
1:2 The Causes of Selectivity
If an ion exchange resin is placed in a dilute solution of a strong 
electrolyte there- are considerable concentration differences set up between 
the two phases* The counter-ion concentration is larger in the ion 
exchanger whereas the co-ion concentration is larger in the solution. If 
the ions carried no electric charge then these concentration differences 
would be evened out by diffusion.
When the diffusion process starts, co-ions entering the exchanger 
and counter-ions migrating into the solution, a potential difference is set up 
between the resin and the solution which resists further ion movement. This 
phenomenon is called the Donnan effect and the potential, the Donnan potential. 
It follows that this is the factor responsible for the repulsion cf co-ions whilst 
counter-ions move freely between the two phases. Such co-ion repulsion is 
known as Donnan exclusion. The Donnan concept was firs t applied to ion 
exchangers by Mattson (3) in 1929, but it was not universally accepted until 
twenty years later (2, 4, 5, 6).
When the Donnan potential attracts counter-ions into the matrix 
of the exchanger, the attractive force is proportional to the ionic charge on 
the ion, Hence in the absence of the interactions described later, counter­
ions having higher charges are preferred by the exchanger. Moreover, it is 
found that the Donnan potential increases, the greater the concentration 
difference between the solution and resin phase. The Donnan concept 
therefore implies that the preference for a particular ion should increase 
with the charge on that ion, with decreasing solution concentration and with 
increasing volume exchange capacity.
Many theoretical treatments of ion exchange selectivity assume 
that all the exchange sites are equally selective. However there is an 
increasing amount of evidence to suggest that the sites behave non uniformly 
particularly in the case of organic exchangers (7, 8, 9). Walton (10)
has shown that if there is more than one chemically distinct type of exchange
A —group, within a particular resin, then Ka^ decreases with increasing x^,
Reichehberg and McCauley (11) have pointed out that in the case of resins
based on crosslinked polystyrene, the degree of localized crosslinking around
each grouping might vary according to some kind of distribution law. Such
variations would be expected to affect the selectivity properties of the groupings.
There w ill, for example, be steric hindrance and inaccessibility of many sites
in the case of larger ions or in areas where the resin is very tightly crosslinked.
There w ill also be changes in the mechanical energy of the crosslinked network
as portions of the resin expand and contract in order to accommodate ions at
uniform distances from one another.
These phenomena complicate any theoretical prediction of selectivity. 
However it w ill not have so serious an effect on the discussion of selectivity 
coefficients averaged over the exchanger as a whole provided that these are 
correlated with,for instance the water regain value for the resin as a whole.
Another factor contributing to resin selectivity is the effect of ionic 
solvation. When a co-ion or counter-ion enters the resin matrix it takes 
with it a solvation sphere with the result that the resin matrix must expand 
to accommodate it. Thus the uptake of a large solvated ion w ill cause more 
swelling than the uptake of a smaller ion. The subsequent stretching of 
the resin matrix is opposed by its own elastic properties, and so by exchanging 
a large counter-ion for a small one it may contract. This effect is most
pronounced where the matrix is under greatest strain. hi consequence the
selectivity of the smaller species should be enhanced with dilution of the solution, 
with decreasing equivalent ionic fraction of the smaller ion and with decreasing 
water regain value. Generally these predictions have been found to be true 
where the ions are of a relatively simple nature (12, 13), However, in the 
case of more complex ions the trend is not followed. This is particularly
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pronounced with anions where the hydration is generally weaker and the ions 
themselves are more polarizable. In these cases the ionic solvation 
and swelling factors are outweighed by other effects, in particular by Donnan 
exclusion which was discussed above.
Consideration of the interactions experienced by a counter-ion 
within the exchanger phase indicates that there is the possibility of both 
coulombic and London forces. There are the interactions between counter­
ions and exchange sites, between counter-ions on neighbouring sites and 
interactions with co-ions in the resin. These arise from the direct 
electrostatic forces between the ions, the latter being regarded as a point 
charge on a spherical nonpolar izable surface. The energy associated with 
these interactions is inversely proportional to the firs t power of the distances 
between the charges. On this basis the resin w ill prefer ions of high charge 
and small hydrated ionic radius. For two ions of the same size and with the 
same charge the resin would prefer the more polarizable of the two. However, 
if the ion is polarizable as is the case for the anions, sulphate, oarbonate and 
oxalate, then the ion should be treated as an ion multipole and not as a point 
charge.
Interactions due to London forces arise because the resin is selective 
for an ion which has a chemical configuration similar to the resin m atrix,
London forces also arise between the counter-ion and solvent molecules. ThisN
form of interaction is only important for organic exchangers in the exchange 
between two species containing organic groups. In these cases the resin prefers 
the counter-ion with organic groups most similar in structure to the components 
of the m atrix. Thus styrene based resins prefer species with aromatic 
groups to those containing aliphatic groups.
1:3 Anion exchange selectivity
To this point little  distinction has been made between anion and cation 
selectivities. However, on a closer investigation into the predictions which 
many of the simpler ideas indicate it is found that while most of them hold true 
for cation exchange, the selectivity exhibited by many anion exchangers is not 
predicted so easily* For example, some workers have suggested that there is
14 ~
a correlation between the order of cation exchange selectivity for strongly 
acidic cation exchange resins with the alkali metal series and the order of the 
hydrated ionic radius (estimated from the ionic mobilities in solution). Two 
kinds of mechanism have been proposed to explain how this operates, Gregor’s 
theory involves the interaction between the hydrated ionic volume and the 
counter pressure of the resin matrix, while the theories of Rice and Harris (14) 
and Katchalsky (15) tackle the problem on a molecular seal© and consider 
electrostatic interactions.
For anion exchange selectivity on strong base anion exchange resins 
it is immediately found that the correlation between selectivity and hydrated ion 
radius fails completely, as do the ion pairing models. Thus the suggestion 
is that the selectivity depends on the polarizability of Hie anion, the selectivity 
being larger the greater the polarizability of the ion. This predicts the correct 
order for the halides i*e, f Y  C l < Br < I  (16, 17) but does not predict the 
orders CIQ^ > I  and MnO^ > TcO^ > ReO^ (17, 18).
Reichenberg has proposed that it is possible to consider that when 
an ion possesses its fu ll hydration energy, it is surrounded completely by water 
molecules. When such an ion comes into close contact with another ion or 
fixed grouping, the water molecules between the two ions are squeezed out 
while the water molecules on the outside remain largely intact. In a very 
qualitative way he then postulates that the fractional loss of hydration energy is 
roughly sim ilar to that fraction of the total shell of water molecules which is 
displaced. The experimentally observed affinity sequence C1C>4~> I~>Br > Cl 
may be predicted in this way, the electrostatic interaction energy of the chlorate 
ion being highest when the ions are considered to be 40% hydrated*
In contrast Diamond and Whitney (39) have related pK and hydration 
of the parent acid of the anion to its relative affinity. They have shown that 
for simple anions hydration can be correlated directly with the strength of the 
parent acid and inversely with the size of the ion. Thus fluoride, the smallest 
halide has the strongest interactions with water and iodide the weakest. Also 
for polyatomic anions of sim ilar size and structure the degree of hydrolysis of
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the anion or the strength of the parent acid is an indication of the ion's 
interaction with water. The more strongly an anion picks up a proton, 
the more strongly the anion hydrogen bonds to a water molecule and thus 
the more it w ill prefer the dilute external solution to the resin phase*
Thus for the halides
Acid HF HC1 HBr H I HC1Q4
pK 3 -7  -9  -10 -10
which again predicts the observed affinity sequence.
For any series of complex anions from a group of the periodic 
table it is possible to predict the order of resin selectivity from the order 
of the base strengths of the anions* For a group the elements become more 
electropositive on going to the heavier members. Because of the resulting 
stronger interaction with water if can be predicted that such a sequence of anions
would show a decreasing affinity for the resin e.g. MnO. > TcO > ReOA ,
— — — 2— 2— 2—C1Q0 > BrO ~ > ICL and S00 > SeO_ > Te0o and these again are the
o o o  o o o
observed orders (17, 18, 19).
An obvious limitation is forced on this theory by the size of the ion 
exchange resin pores. When an ion is too large to fit into the resin pores without 
considerable expenditure of energy to expand the resin matrix, it w ill be 
discriminated against by the resin. Keeping this in mind however, it is possible 
to say that the less highly hydrated and larger ion is preferred by the resin and 
the more highly hydrated smaller ion preferentially solvates in the dilute aqueous 
phase. This generalization is the converse of the usually quoted rule that the 
resin prefers that ion of smallest hydrated volume. This is possibly a direct 
result of the fact that the usual anions are hydrated to such a small extent that 
their effective size in aqueous solution is of a sim ilar order to their crystallographic 
size.
1:4 Theoretical Approaches and Models for Ion Exchange
The factors leading to the selective behaviour of ion exchange materials 
may be described either by means of rigorous thermodynamics or by the 
introduction of a model which w ill assist the understanding of particular aspects 
of ion exchange behaviour.
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The rigorous and abstract thermodynamic treatment requires no 
assumptions with respect to the mechanism of ion exchange, but yields a 
minimum of information about the physical causes of the phenomenon.
Also its practical value is restricted because in many cases the quantities 
involved may not be determined directly by laboratory measurements.
It is for this reason that models have been postulated which have properties 
resembling those of the ion exchanger. With the aid of these, the effects 
of particular factors on the system may be investigated. The more refined 
and complex the model the more information of this nature may be obtained.
The firs t attempt to express ion exchange equilibria in quantitative 
terms was made by Vanselow (20) in 1932. His approach was followed by 
that of Kielland (21), both authors regarding ion exchangers as solid solutions 
of the aluminosilicates or resinates. By use of the mass action law and in 
conjunction with the rational activity coefficients of the solid, Kielland obtained
lnK^ = lnNI +  + c<Na 2 -  Nb 2) + l n <  . . .  1:4:1
-  the activity coefficient of the species i  in solution.
= the mole fraction of component IL  in solid,
~ selectivity coefficient.
= rational selectivity coefficient.
Such an expression quantitatively describes the exchange of cations in the early 
zeolites. In 1947 Bauman and Eichorn (2) were the firs t to introduce the 
concept that ion exchangers are concentrated aqueous electrolytes in which 
one of the species is immobile. However it must be borne in mind that these 
models are no more than interpretations of the observed phenomena, their only 
purpose being to help visualize the system.
The model of an elastic matrix that was introduced by Gregor and 
coworkers (5, 12, 22) applies the Bonnan concept and provides a starting point 
for many of the more recent theories. The expression for the molal
an expression
where : r .i
N.i
K B^
N K AB
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selectivity quotient obtained is t -
T ZA _  ZB
1qKB = ln y ' f s ,  + ln Y j / a  + ET ’ZA VB " ZB VA)
. , , 1:4:2
where z. ~ the charge on the species i
V « the partial molar volume of the species i
~f\ -  the swelling pressure
*  the molal selectivity coefficient,
Gregor in his earliest application of the model assumed that the 
system behaved ideally except for solvation and attempted to correlate 
the selectivity quotient with swelling pressure and ionic size alone. Where 
this failed Gregor and coworkers (23) postulated ion pair formation, distinguishing 
at the same time between free solvent and solvation shells. As a result the 
analysis becomes qualitative rather than quantitative. In an attempt to overcome 
this Boyd and coworbers (16, 24) have not specifically considered the poorly 
defined solvation effects but have allowed these to be reflected in the activity 
coefficients of the ions in the resin phase,
Glueckauf (6) has employed the Gregor model using osmotic coefficient 
measurements of weakly crosslinked exchangers in the pure salt form to determine 
the activity coefficient ratios of the ions in the resin phase. The semi-empirical 
equation
In rA/ T B = 2(<jPa  - £ ) e ) . . .  Ii4s3
was used for this purpose,' (ft ^  and are the osmotic coefficients of the resin 
in the A and B forms.
A  third simple approach has been made by Pauley (25) who chose the 
electrostatic attraction as the essential feature governing ion exchange. He 
considered the relative attractions between the fixed ionic groups and the two 
competing ions. The Coulomb law was applied to these attractions and on 
integration the free energy change accompanying each process was obtained.
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The differences in these two energy changes was the overall energy change,
2
A g  = ~rD A alB
1:4:4
where D = the dielectric constant 
e = the electronic charge
a0  ^ « the distance of closest approach between species i
and the fixed ionic group.
It follows directly from this expression that 
lnKB = kTB B A
1:4:5
Pauley made no corrections for other effects. This expression predicts 
that a counter ion with a smaller distance of closest approach is preferred, and 
that for a given reference ion, a linear relationship between lnK^ and ~ ~  should 
exist. This has been shown to be true for a few systems (26, 27), but in 
general the model is too simple to account for most data.
The abstract thermodynamic treatment has been applied in most detail 
by Gaines and Thomas (27), The exchange reactions were considered to be 
heterogeneous, the components being the electrolytes, the resinates and the solvent. 
The thermodynamic equilibrium constant was obtained from measurements of the 
selectivity quotients under varying conditions. No assumptions or approximations 
were made in the derivation resulting in the fact that no physical concept of the 
process is possible. Also, since it requires that a number of equilibrium 
experiments be carried out before the thermodynamic equilibrium constant is 
calculated, it is impossible to predict values for the latter, or the dependence 
of selectivity on ionic fraction and concentration. For these reasons it appears 
that a less exact approach, based on a model would prove more useful in the 
elucidation of ion exchange processes.
Statistical thermodynamics was applied to the study of exohange on 
colloidal aluminosilicates by Jenny (28) as early as 1932. Bavis (29) later 
extended Jenny's ideas of the counter-ions situated in a diffuse double layer 
around the colloid and free to move only within a certain volume, to obtain
- 19 -
an expression for the selectivity quotient. These approaches apply to two 
dimensional adsorption and are therefore not strictly applicable to resinous 
exchangers*
B arrer and Falconer (30) have used the idea that non ideal behaviour 
in ion exchangers may be explained by the interactions between, - 
ions on adjacent exchange sites. Thus the ions which when occupying an 
exchange site give rise to the least interaction with neighbouring ions are preferred 
by the exchanger. The treatment has been applied to uni-univalent cation 
exchange in natural zeolites with considerable success.
Rice and Harris (14, 31) have also considered the interactions between 
neighbouring ions in their consideration of the selectivity phenomena. They 
assumed the existence of forces derived from ion pair formation within the resin 
and of electrostatic repulsion of neighbouring fixed charges and that the 
concentration of unbonded counter-ions in the resin m atrix is the same as that 
in the external solution. The selectivity quotient is expressed as
kb r /k a r  + < V < N + aa>:' [ < V a / k A  + 1>/ <c a / c b + 1>] 
i  + /k a r c b + l >'  « V c b + 1>3
where » the intrinsic dissociation constant of the ion-pair xR
C -  the concentration cf the species i in the external solution
N = the total number of exchange sites
« the number of ion-paired fixed ionic groups.
The implications of this theory are generally found to be true except 
that the dependence on capacity appears to be reversed (32, 33), It is only 
applicable to resins of moderately high degrees of crosslinlcing since, for highly 
swollen gels, the adjacent m atrix chains are a great distance apart and calculation 
of the electrostatic interactions becomes invalid. For highly swollen resins 
Katchalsky’s model (15) is more applicable since in this case only neighbouring 
ion interactions on each chain are considered.
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1:5 The Development of the Theory used in the Present Work
Barrer and Falconer (30) studied uni-univalent exchange in zeolites 
and considered the reaction as an interchange of ions between two inert 
dielectrics. They proposed a model based on the idea that selectivity 
may be explained by a consideration of the interaction forces between ions 
on adjacent sites. The grand partition function was set up in general terms 
as described by Fowler and Guggenheim (34). The following assumptions 
were then made.
(a) Distribution of ions within the exchanger is random.
(b) The change in energy of the matrix is additive with respect to the
number of ions present.
(c) There is no change in the partition function of the counter ions 
or the exchanger as the exchange proceeds,
(d> The solvent content of the exchanger is unaltered by exchange.
The grand partition function was differentiated with respect to the 
number of ions of each type present and the chemical potentials of these were 
derived. Knowing the chemical potentials of the ionic types in solution, in terms 
of their activities, the Gibbs-Duhem equation for the system at equilibrium was 
applied and the final expression obtained
ln CA*B
V a
In *°B  + EA ~ EB + 2NB*jB kT kT NkT
. , . 1:5:1
where x, « the ionic fraction of species i,
j-(T) = the partition function of an ion of species i.
ji°. = the standard chemical potential of an ion of species i.
E. -  the energy of an ion of species i in the exchanger relative to
some standard state.
N. = the number of species i in the exchanger at equilibrium.
N = the total number of exchanger sites,
to = an energy term  related to interaction energy of neighbouring
ions.
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Although the theory is limited to uni-univalent exohange only, within 
this restriction Barrer shows that the expression is capable of both describing 
the exchange of cations in zeolite systems and also that it gives an interpretation 
of KieXland's equation (21),
Later Harvey, Redfern and Salmon (35) extended this treatment by 
evaluating the statistical weight factor and energy interaction term  for uni-bivalent 
exchange reactions with crosslinked gels. The egression that was obtained 
was subsequently modified by Birch, Redfern and Salmon (36) so that the 
practical selectivity quotient is given by :-
a
111 CKB fB/ f A 3 “  lnKT + f *A> 1:5:2
where f(xA) = (1 -  5a )(3 + x^) /  ( I + x j  and is the thermodynamic
equilibrium constant. Applying this equation to the equilibrium for a given 
resin and solutions of constant total equivalent ionic fraction a plot of
In [K ^  ig / f  A 3 against f(xA) it is possible to derive values for w,
the ionic interaction energy within the resin,
1:6 The Purpose of the Present Work
During the earliest work by Harvey on uni-bivalent anion exchange 
systems it was found that there is some evidence that the statistical thermodynamic 
treatment outlined above is applicable to organic exchangers. However it was 
concluded that the bivalent ions considered must b© of a simple nature for otherwise 
the systems become too complex to be treated in a fundamental manner.
Subsequent work by Birch (37) has provided some values for « , A G  and A H  
for several systems. As, however, the equilibrium data for uni-bivalent anion 
exchange in the literature is particularly scarse and since in some cases the 
interpretation of Birch's data is rather difficult due to the scatter of the results, 
it was decided to carry out a series of experiments involving exchange between 
chloride and oxalate ions only. The oxalate ion was chosen as it is 
structurally dissimilar to the sulphate ion for which more data is already available.
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The purpose of this work was to gain a greater understanding of the way the 
selectivity expression behaves under differing conditions of temperature and 
crosslinking of the resin.
A ll the possible errors in the experimental work were reduced 
to a minimum so that the ambiguity which has occurred in the past would 
not present itself. A check on the ©jq>erimental values of A H  obtained 
from the equilibrium experiments would clearly be useful in showing that the 
equation was meaningful, Calorimetric studies were therefore made of 
the heats of the exchange reactions considered,
- 2-Further work on another system ( i.e . C l /BO^ ) would indicate 
whether the theory which had been refined to describe chloride oxalate exchange 
is easily applicable to other simple systems or whether the structure of the 
counter ion is in some way responsible for the effects observed.
S E C T I O N  2
THEORY
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2:1 The theoretical approach to uni-bivalent anion exchange which
is adopted in the present work originated from a consideration of uni­
univalent cation exchange in zeolites made by Barrer and Falconer (30).
It can be shown that the result obtained is very sim ilar to the equation 
developed by Gregor though the latter is obtained by a much less fundamental 
approach.
Barrer suggested that the occupancy of an exchange site, in a 
zeolite lattice, by a particular species of ion affects the relative affinity of 
the adjacent sites for sim ilar ions. If  A and B are the exchanging ions 
then of the possible arrangements, A-A, A-B, or B-B, the on© with the 
most favourable interaction energy (electrostatic repulsions and steric 
effects at a minimum) w ill be favoured. There w ill, as a result, be a 
degree of ordering within the exchanger phase. This treatment is based 
on statistical thermodynamics and has already achieved considerable success 
in explaining selectivity phenomena in the systems on which it was modelled.
The theoretical considerations used by Barrer have been adapted 
(35) to a treatment of uni-bivalent anion exchange in crosslinked gels. This 
was later (33, 38) modified, to obtain an equation relating the interaction 
energy between neighbouring ions on exchange sites and the thermodynamic 
equilibrium constant with the mass action constant.
The arguments which are developed below lead to the equation 
originally obtained by Salmon (38), The model differs from that used previously 
(35, 36) in that the dumb-bell shaped bivalent ion with a symmetrical charge 
distribution is now replaced by one which is doubly charged at one end and uncharged 
at the other.
2:2 Theory
The exchange process considered may be represented by:-
2A” + B2~ 2A~ + B2" . . .  2:2:1
where barred formulae refer to ions in the resin. The initial assumptions are;-
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1) When two B ions enter an A" rich resin matrix and occupy adjacent 
exchange sites there is an increase in the energy of the resin. The energy 
change is relative, the reference state being the energy of an A” A*" pair.
2) The change in energy of the resin is additive with respect to the
2— 2— r—j4'
number of B B pairs irrespective of whether these occur in clusters or singly.
- 2-3) The distribution of A and B ions within the resin is assumed to be
random. The existence of interaction forces w ill of course produce a non 
random distribution, but if the interaction forces are small then this approximation 
remains satisfactory,
4) The solvation of the resin m atrix remains unaltered by exchange.
The model may be visualized as consisting of exchange sites linked by
coiled springs at regular distances apart in a three dimensional network. When
two univalent ions are replaced by a doubly charged ion the latter w ill occupy both
sites and may be considered as a dumb-bell. The charge distribution on the ion
may then be considered to correspond to either of two extreme situations or as
a resonance hybrid structure of both. One possibility is that the two negative
2-charges of the bivalent ion B are symmetrically distributed one on either end
of the proposed model of the ion. The other extreme is that both negative
charges may be situated at on© end of the dumb-bell so that the second end is
uncharged. Although at firs t sight this second situation seems less likely it
does in fact correspond to the state of affairs which exists in crystalline exchangers.
Here it is found that if a bivalent ion occupies one position in the crystal lattice
an adjacent site must be left vacant to balance the electrostatic charges (53),
Both models have been used (35, 36, 38) and in fact lead to sim ilar types of
equation, the principal difference being the value attributed to the additional
2-energy term  associated with the positioning of two B J ions in adjacent positions.
The asymmetric model leads to the simpler relationship and as this is applicable 
to crystalline as well as resinous exchangers, there is good justification for using 
this approach. However the practical situation is possibly intermediate 
between that of the two extreme models making it immaterial which one is used.
In the case of anion exchange gels the exchange site consists of a cationic grouping 
so that there w ill be in the asymmetric model a formal excess charge of -1  on the
2-
site occupied by the charged end of the dumb-bell and a formal excess 
charge of +1 on the site associated with the uncharged end. As far as 
electrostatic interactions are concerned this situation is equivalent to a 
doubly charged species occupying one site with an adjacent site left vacant.
The exchanger is however free to expand and contract within the confines of 
the crosslinking so that these excess charges w ill be substantially reduced 
by a distortion of the m atrix. The cationic grouping associated with the 
uncharged end of the dumb-bell (or vacancy) w ill be drawn towards the site 
occupied by the charged end with the result that the electrostatic charge 
separation w ill be at a minimum and may to a firs t approximation be neglected.
The derivation commences with the general expression for the grand 
partition function Q, for the exchanger as described by Fowler and Guggenheim 
(34) in their consideration of lattice site exchanges,
« - g<NA,NB)|jA< r ) ^ g r |  j y r)expi#'] S* exp(if-) • • *2!2'2
where g(N^f N^) *» statistical weight factor, V
N . ~ number of ions of type A* in the resin,
2-N_ » number of ions of type B in the resin.Jt>
j A (T) = partition function of ion type A*" in the resin at temperature T,
2-j_(T) = partition function of ion type B in the resin at temperatureT«JS
energy of ion A in the resin relative to a suitable 
reference state,
~ energy of ion B in the resin relative to a suitableJo
reference state.
£  = the additional energy arising from the presence of
2-adjacent pairs of B ions.
Q « partition function of the resin m atrix.
In order to apply the grand partition function to the system under
consideration both the statistical weight factor and the additional energy due 
2—to adjacent B ions must be evaluated.
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For a fully loaded resin at equilibrium, with NA A~ ions and N^,
2-
33 ions associated with N exchange sites, N -  + 2N^. The problem
now consists of finding th© thermodynamic probability associated with placing
_ 2-
N a ions of type A and N_ ions of type B in such a structure.A  Jo
2-Firstly consider placing N_ B ions in the A  form resin m atrix.
2-The charged end of the firs t dumb-bell shaped B ion can occupy any one
of the N sites. The uncharged end (or associated vacancy) may then
occupy any one of Z sites where Z is the average number of nearest neighbouring
exchange sites to any given site. Hence the thermodynamic probability
associated with the firs t bivalent ion w ill be NZ. One of the sites occupied 
2—by the second B ion can now be any one of the remaining (N -  2) positions
s till occupied by A” ions. However the vacancy associated with the second 
2-B ion can occupy any one of 2(1 -  P_) sites only where P0 is the probability2 a
that one of the Z sites surrounding this ion is one of the two already allocated 
2—to the firs t B ion. This probability is equal to 2/(N  -  1) and so the second
2— rB ion may be placed in the structure in any one o f ( N - 2 ) ,  S I X -  2/(N  -  1) J
or 2(N -  2)(N -  3)/(N  -  1) ways. The third ion w ill have (N -  4) possible
sites to fit into, when the associated vacancy w ill occur at any one of Z(1 -  P^)
sites, where PQ is the probability that one of the firs t two ions is occupyingu
one or more of the nearest neightbuuring S sites. Pg is equal to 4 /(N  -  1) 
so the total number of sites available to the vacancy associated with the third 
ion is Z [ l  -  4 /(N  -  1) ] or Z(N -  5)/(N  -  X). Thus the third ion may be placed 
in the structure in any one of S(N -  4)(N -  5)/(N  -  1) ways. From this it follows 
that th© N-gtk ion can be placed in the structure in Z(N -  2N^ + 2)(N -  2N^ + 1)/(N  -  1) 
ways. Hence the thermodynamic probability for identical ions becomes
Z.N(N  -  1) Z(N -  2)(N -  3) Z ( N - 4 ) ( N - 5 )  Z(N -  2N_ + 2)(N -  2N„ +1)
. • —ro— .—roro.. * ———rororo— . « . J O  P
(N - 1 )  (N - 1 )  ( N - l )  ( N - l )
N Bor Z . N(N -  1)(N -  2)(N -  3) . . .
Evaluation of the Statistical Weight Factor N ^)
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As each B ion is indistinguishable the above expression must be divided
by N -l and the statistical weight factor becomes:- 
13
2—
-
z
N.B HI
N 1 B*
2:2:3
Also the A” ions can f ill the remaining sites in one indistinguishable 
way. Thus the thermodynamic probability becomes
z
N
N1 < z nr Ni
(N-l) W N w
6since N > »  10 for practical purposes,
The Interaction Energy B.
The following interactions may occur between ions occupying exchange
sites.
2- 2-a) bivalent ion with adjacent bivalent ion B -  B
2- —b) bivalent ion with a univalent ion B ~ A
c) univalent ion with an adjacent univalent ion A” -  A”
The exchanger completely in the A** form has been adopted as the reference
state. This means that in the cases of a) and b) above there w ill be an
additional amount of energy associated with the advent of such arrangements.
2— —It w ill be assumed for the present that the B -  A additional energy term  is
2— 2—very small relative to the B ** B one and may be neglected* The
additional energy term  in the grand partition function then becomes the product
2— 2-of the interaction energy of a single B -  B pair and the number of such pairs.
Considering any one bivalent ion, there are only (Z -  1) possible
positions in which another bivalent anion might be located as a nearest neighbour
since one of the S sites w ill be occupied by the Uncharged end (or vacancy) of
2~the bivalent ion in question. There then remain (N^ -  1) B ions,
(N - 1) associated vacant sites and N . A~ ions to be located. At this stage 
13 A
it is necessary to simplify the model further so that the subsequent mathematical 
treatment does not become over-involved. It is assumed that the probability of any
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one of the three species B A or vacancy occurring at one of the (Z -  1)
2—sites around the B ion considered depends directly on the proportion of
each species available. This assumption ignores the fact that at low
2-loadings of the exchanger with B ions, the latter w ill avoid occupying
adjacent sites because of the additional energy involved when they do.
2- 2~The incidence of B -  B pairs w ill however increase rapidly at high
2— 2— 2—loadings of B ions. It follows that the number of B -B  pairs is
2—not directly proportional to the number of B ions present. However
if the crosslinking of the exchanger is not uniform, the interact ions between 
2—B ions on adjacent sites w ill not be uniform and the additional energy term  w ill 
tend to offset the above effect,
2-
After the above simplification it is found that the single B ion
2*-w ill have (Z -  1)(N_. -  1)/(N  -  2) other B ions as nearest neighbours.
2-Hence in a system of N_ B ions there w ill beJo
2— —
< Z -1 )N B <NB ~1)
2(N -  2)
o_ 2—
B -  B pairs. Since NB » 1  and N >> 2 this egression may be simplified to 
<Z -  1)N b 2/2N .
2- 2~If the additional energy arising from each B -  B pair is 
22 w / ( Z -  1) and as (Z -  1)N „ /2N  is the total number of interacting pairs of
2ions, the total additional interaction energy is NB w /N . as the total 
interaction energy = (energy for two ions) x (number of pairs).
Hence the grand partition function for the system becomes
Q -
N.- - B r
%
N N 'N ’ • A’WB*
V
N
A
5 a
kT
A N.EBjB(T) exp—
*1 B r M 2 1 
- n b  "
‘ 0XP 2NkT , , .2:2:4
Taking logarithms of both sides expression 2:2:4 becomes
InQ = NBlnZ « NglnN + lnNl « InN^ - lnN-J + NAlnjA(T) + NAEA/kT
+ N „lnj_(T) + JLE-q/KT + InQ-, -  N_2w/2NKrJj U B B K B ,2:2:5
Applying Stirling's approximation lnNl =* NlnN -  N this may be simplified 
InQ *  N.b1iiS -  NBlnN + NlnN -  N -  NAlnNA + NA -  HBlnNB + NB + NAlnJA(T)
+ NAEA/kT  + N lnj f t )  + N E A T  + InS^ -  N 2» /2NkT , . .2:2:6
This may be reduced to
-InQ = -NglnZ -  (NA + ly to N  + Ng + NAlnNA + NBlnNB -  NAlnlA(T) -  Na Ea A T  
-N BlnjB(T) -  NbSb/1cT -  1oQh  + k J o /N kT . . .2:2:7
By use of the expression for free energy G = -kTlnQ, and in conjunction with
'feG = u , the chemical potential of the species i, expressions for the chemical
6 N. 11
- 2-potentials of A and B ions within the resin can be derived.
**AR -lk(-lnQ)\ = 1 -  InN + lnNA -  lrrjA<T) -  EA/kT . . ,2:2:8
kT
-( U  lnQ)
V  Na K B
S. = A (-InQ A
• U nb 1
»BR p (-ln Q > \ = 2 - l n S - l n N  + lnNB - l n j B( T ) - E  /k T + 2 N B<o/NkT
*N  . . . 2 : 2 : 9
Now for the reaction:-
— 2— *» — 2—2A” + B 2A + B
the condition for equilibrium if it is assumed that the chemical potentials of the 
counter ions and the solvent remain constant may be written as:—
2 P A K + , l BS ~ 211 AS + P BR . . .2 : 2 :1 0
where = + lna . . <2.2 iU
!tT kT
- 31 T
^iR
IS
f t  . =
l
chemical potential of species i  in the resin, 
chemical potential of species i  in the solution, 
standard chemical potential of species i. 
activity of species i in the solution.
From equations 2:2:10 and 2:2:11
2liA R  " = 2li Ins . 2:2:12
kT kT "B
It equations 2:2:8 and 2:2:9 are substituted for the left hand side equation 
2:2:12 it may be shown on subsequent rearrangement that:
ln 2 a
n a bA
= ln
1 !
_
1.
> 
to
1_
_
E 3 - 2 S a  h
+ ■ ' ' ■ ■ T —'“kT
, „ 2M_w + Ini, - 3
N M
o
A!
kT
. . . 2:2:13
This expression may now be converted to molar quantities since:
NN _ xB where is the equivalent ionic fraction of the
-2 species i in the resin.
A
x i CA A where f is the activity coefficient of the species i
^ 0 /2  in solution of concentration C equivalents/litre
2N, -  x.B
U }zi(p is subtracted from each side of equation 2:2:13, where <p is the volume 
capacity (in equivalents/litre) of the resin, the resulting expression becomes:-
2:3 The Additional Energy Term  Due to A" -  B2"* Fair Interactions
The additional energy associated with placing two bivalent ions on 
adjacent sites has already been discussed. The energy term  which was 
derived has not been attributed to any specific effects resulting . as a direct 
consequence of two bivalent ions becoming associated with the resin matrix 
in adjacent positions. Electrostatic repulsions between such ions are 
probably of little  importance becuase any charge residing on the ion w ill be 
spread over the large surface area of the solvation sphere and should anyway 
be satisfied by the charge associated with the exchange site* On the basis that 
the concentration of exchange sites may range from 0,2 to 1. 5 or 2N in the 
swollen gel, and with the accommodation of the polymer framework to consider 
as well, it is most likely that there w ill be considerable steric effects. The 
latter w ill contribute to the relative interaction energies between ions in the resin, 
the m atrix being stretched to accommodate ions at maximum and equal distances 
from one another.
If the reference state is chosen to be the A~ form resiaate then it is
necessary to consider not only the additional energy associated with adjacent
2— 2- »B ions but also with B -  A pairs. This energy may be assessed in a
2— 2-sim ilar manner to the B -  B energy interaction term , making use of the 
same simplifications as before for the sake of uniformity.
Considering any one bivalent ion, there are (55 -  1) available nearest 
neighbouring exchange sites which may be occupied by an A ion. The probability 
of this for one bivalent ion is given by N ^/fN  -  2), Thus in a system of
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Nj, B8 - iona and Na  A~ ions there w ill be NANB(Z -  1)/(N  -  2) or
N .N „(Z  -  1 )/N  pairs as N » 2 .A  B
— 2—
If  the additional energy arising from each A „ b  pair is 
2 to T/(S  -  1) the total additional energy due to such pairs w ill be 2N^NB to f/N  
The grand partition function thus becomes
Z_
N
N.B N i:
NAiNBl
q e
Ej (T) ©xp_A 
kT
A . j_ (T)exp V } B
IsT  J
- «*A V  9
NkT
• . e 2:3:1
It may be shown by an identical method to that used 2:2:1 that 
this equation may be reduced to ;-
ln V a  
- 2
XA * B
A
+ InZ
f
lntp
3 In B
A  2
q a
InQ - *B®
+ e b  -  2Ea  + g b°  -  2Ga °
RT RT
2*XA " ^B)t0t . „ * 2:3:2
RT RT
Hence equation 2:2:15 becomes:
2
ln B f . KCA ^  
*B
InKT 2to!
Sg [to -  4 to’ ]
RT RT 2:3:3
If the values of InK and to obtained by use of equation 2:2:15I
are designated as (In KL.) and to indicating that they are approximate* app._ 2_
values due to the neglect of A~ -  B interactions then:-
^ V a p p .  = + 2 “ ,/aT * t * 2:3:4
When the vanft Hoff equation is applied to obtain values of A H , i.e ,
laJCrr “ *. constant
A RT
then provided that <o (and hence presumably o>1) does not changeapp*
significantly with temperature over the range considered then combination 
of 2:3:4 and 2:3:5 gives
( in K ^ )^  -  2 w V&T “ -2  A K /R T  + constant
or rearranging -  2(oo1 -  A H )/H T + constant , • . 2:3:6
Hence a plot of (In K ) against 1 /T  w ill have a slope of 2(to 1 -  A H )/R .1 aPP*
Since AH can also be obtained calorimetrically an estimate of wT: can be obtained.
2:4 The Effect of Non Uniformity of Crosslinking
Several authors have discussed the effect of non uniformity of 
crosslinking on the selectivity properties of the fixed ionogenio groupings in 
the resin. Reichehberg and McCauley (11) have pointed out that the nature 
of copolymerisation of styrene and divinylbenzene rendered it a certainty that there 
would be some kind of statistical distribution of the length of chain segments 
between neighbouring crosslinks. From this it may be concluded that the 
functional groups w ill be situated in differing environments.
Birch (37) has shown that <*> varies with resin crosslinking becoming
smaller, in general, as the amount of crosslinking is decreased. It is
possible to visualise therefore that in a particular resin sample there w ill be
some regions of the exchanger where to is less than the average value and 
2- 2—where B -  B pairs w ill occur firs t. There w ill then be regions where to
2- 2— —is close to the average value and where B -  B pairs w ill occur as becomes
equal to x^, and finally regions where to is above average and where bivalent
ions w ill only occupy adjacent sites as x^ —^  1. This indicates that <o w ill
increase with xQ and the average value of to obtained from experiment w ill only
coincide with the correct value in the region of half exchange. A sim ilar
effect w ill arise from the nonlinear relationship between jL  and the number of 
2— 2—B -  B pairs. The bivalent ions w ill avoid occupying adjacent sites 
2-at low loadings of B ions if this involves additional energy thus giving rise
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to ordering of the type ABABAB. At high loadings of B ions however
2— 2-there w ill be a rapid increase in the number of B -  B pairs with an 
apparent increase in w.
It is possible to allow for the effects discussed above on an empirical 
basis by multiplying the last term  in equation 2:2:15 by a factor which is less 
than unity as x ^ Y  ©? is unity at Xg = 0.5 and is greater than unity as x.^  1*
Such a factor may be expressed in general term s:-
[1 + AfXg -  xA) + B(xb  -  xA)2 + C(xB -  xA)3  ]
where A, B, C ,  are numerical weightings for each term .
3f values of Xg close to the extremes of Xg = 0 and Xg « 1 are not 
involved then all terms after the square term  may be ignored and equation 
2:2:15 becomes
lnKCB " lnKT  " RT 1 *  A^B “ XA* + ^
. . . 2:4:1
2:5 Analysis of the Selectivity Expression
It is possible to subject the egression (2:2:15) to an analysis which 
indicates how the model and subsequent statistical treatment takes account of the 
phenomena occurring during ion exchange.
Equation (2:2:15) may be re-w ritten in the form:
—  XBT_ B „ 2 >„ HT « c -t
CA A B “ Sf 0 * * 0
- - 2
Now if in equation (2:5:1) IC B «' XBXA C and
*a 2 *b *
Ky = V a  . *A I s
x2x f r 2A ^  B t A
where y  . is the activity coefficient of the species i  in the resin, then
* 2-
*“ 36 —
equation (2:5:1) reduces to:-
<*> *B
C_ = Y§_ eRT . . . 2:5:2
<P Y 2
r  A
Consider now the two limiting cases. When the resin is completely in the
2— —B form then x_ = 1 and equation (2:5:2) reduces to Jo
(A)
JLim C_ eRT . . . 2:5:3
1 0  Y 2 
r  A
When the resinate is completely converted to the A” form then 0 and 
0)
BTe 1 with the result that:-
Lim  C_ -  J b  . . .
\ r\ a • • • O.U#**
*B ° <p ¥ *
Equations (2:5:3) and (2:5:4) cannot be interpreted without defining the activity 
— 2-coefficients of A and B in the resin when each ion in turn is present in very 
small quantities, K y^  1 as 0 then equation (2:5:4) indicates
i
that Lim YA = ( <p /C )2 and hence yA may be evaluated without carrying
out any experiments, as <p is defined as the volume capacity of the resin in the 
A" form which is constant as is C. the external solution concentration.
It is well established that a small univalent ion such as chloride 
has rather more water of solvation associated with it than a larger bivalent ion. 
Also when exchange occurs it is often observed that there is a considerable 
change in volume of the resin due to the differing degrees of solvation of the 
ions occupying the exchange sites. This implies that the volume capacity 
w ill change as the composition of the resin changes and equations 2:5:3 and 
2:5:4 would be more correctly represented by writing <jp^  and 
in place of Cp .
<PA respectively
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The latter may not be regarded as a constant as it depends on the composition 
of the resin and as such w ill directly reflect the swelling pressure of the resin.
At a particular temperature the activity coefficient ratio in the resin w ill be a 
function of the external solution concentration and the volume capacity at a 
particular resin composition.
2:6 Evaluation of the Standard Free Energy. Enthalpy and Entropy
B 2
It can be seen from equation (2:2:15) that if ^ C A  fA iB
plotted against x^ (both obtained from the experimental data) the resultant 
graph should be linear having an intercept at xfi *  0 of In K,^  and a gradient 
of w / r t . In a previous section the possibility of variations in co have 
been discussed and an alternative equation (2:4:1) has been pi’oposed. Such 
variations in to would render equation (2:2:15) an approximation and the best 
straight line through the experimental points would give average values for <o /R T  
and InK^,.
Using a modification (40) of the reaction isotherm and choosing the 
standard state so that all substances taking part in the reaction are in their 
respective standard states of unit activity, A  G° may be obtained using:-
AG° = TYRTlalS; • • • 2:8:1
A B
f to
where Z A *  1 and Z_ = 2 for uni-bivalent exchange. The standard enthalpyX*. ±>
of exchange A H ° may be calculated from equation (2:6:1). Differentiating 
with respect to temperature at constant pressure:-
;.(AG°1 = .i- to jc  - -SS- k (lngr)
h T  ZjZg T  ZjZg X T  • • . 2*6.2
as lnlQj, is temperature dependent
T  h (AG°) _ - R T  lnIC,. RT2
I T  ~ Z ^  T  ' ZtZ2 - J T —  ' • * 2-6>3
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T \ ( .A G ° ) , „ A  o _ J t T L . ¥ < V  . . . 2 : 6 : 4St z  z 2 St
Rearranging:-
HT2 A T^> (AG°) k TTo .._0| ------- ^  J-" = Ag -  Vf = A  according
to the Gibbs-Helmheltz equation for the case in which the substances are 
all in their standard states. Thus:-
>><taKT ) ZaZ 2 A H
“ 1st ' ~ ~ z
°  RT
.0
2:6:6
Integrating:-
I11IC = " Z1Z2 A H  + constant . . . 2:6:7
RT
Hence a plot of lnK^ against l /T  w ill have a slope of A  H °/R . For
uni-bivalent anion «
- E x  (gradient)/2.
exchange = (-l)x (-2 ). Therefore A H °  is given by
The values of A G ° and A H ° may be used to calculate the standard 
entropy change for the reaction using the relation
AG° = Ah0 - T/\S° . . . 2:6:8
2:7 Activity Coefficients
Throughout this work the activity coefficients of ions in the solution 
phase have been determined using the empirical equation due to Davies (41).
i .1
-log i i  « A Z jZ 2 [x2/ ( l + l a) -  0.3X] . . . 2 : 7 : 1
where I  = total ionic strength and A ~ the Debye-Huckel A factor.
The equation is applicable to solutions of molarity 0.1 or less at which strength 
the uncertainty in f  *  does not exceed £l% .
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The ionic strength is defined as J Z. where C. is the
n
i  » 1
molal concentration of the species i  and Z. the charge on that species.
The Davies equation gives a mean value of the activity coefficients 
of the ions comprising an electrolyte. However equation 2;2;15 requires 
a knowledge of the single ion activities f A and f^ .
Consider a solution containing the electrolytes XA and X^B
, 4* M
For the electrolyte XA XA -—•> X  + A
2 log f ^  ~ log f^  + log fA * , , 2:7:2
or 4 log « 2iogfx ~ 21° g fA , , , 2 : 7 : 3
+ 2-
Sim ilarly for salt X  B X0B > 2 X  + B
3 1ogfX B  -  2 1og£x  ■ lo^ fB i 2:7:4
2
Subtracting equation (2:7:4) from (2:7:3)
4 l0S fXA " 3 l0g fX  B = l0S <fA2 /fB> ‘ ‘ " 2:7:52
Application of the Davies equation which may be written in the form :- 
log f  ± « -0 .5  Zt Z2 f(I) gives
4 log » -4  x 0.5 x 1 x f( I)  = -2 f(I)
and 3 1ogf ~ -3 x 0,5 x 2 x f(I) -  -3 f(I)
2
Substitution in equation 2:7:5 gives
log(fA2/ f B) f(I) . . .  2:7:6
This relation holds true only when the Debye-Huokel constant A takes a 
value of 0*500 (i.e . at 15°G) but in the present work for temperatures 
between 25 and 65°C it is more correct to write equation 2;7s6 as
log <fA2/ f B> = 2A f©  . . .  2
It Is clear that the term  In $A / f  ) in equation (2:2:15) is 
not a constant even for a given concentration and a given rosin. However 
Fig. 1 indicates that for the range I  -  0 ,1— ^ 0.15 the activity coefficient 
ratio behaves in an almost linear manner, an important consideration when 
discussing the significance of on
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FIGURE 1
THE VARIATION OF In f^ /fp WITH IONIC STRENGTH.
SECTION 3
EXPERIMENTAL WORK
3:1 Resin Preparation
Three distinct types of resin have been studied in the present work. 
These include resins which have been prepared in the laboratory and Deacidit© 
FF resins, supplied by the Permutit Co. Ltd,, of both the styrene-divinyl- 
benzene crosslinked, and the isoporous or solvent phase crosslinked types.
A ll the resins are based on crosslinked polystyrene. They are comparatively 
stable and are monofunctional, containing strongly basic quaternary ammonium
ionogenic groups./
Laboratory preparation of anion exchange resins
The resin matrix itself is formed by the copolymerisation of 
styrene and divinylbenzene, the polystyrene chains being crosslinked by the 
divinylbenzene • +The ionogenic groups are introduced by a two stage 
reaction. The polymer is first chloromethylated by a Friedel Crafts 
condensation using stannic chloride as a catalyst. This is followed by 
amination of the chloromethylated resin thus introducing the strongly basic 
quaternary ammonium groups. The method is substantially that set out 
by Pepper, Paisley and Young (42),
Polymerisation
Styrene is available as the monomer containing an inhibitor 
(Tertiary butyl catechol) and divinylbenzene is available as a 54% solution 
in ethyl vinylbenzene. The calculated volumes (Table 20) of these materials 
were mixed and the irrtiifoiksar removed by washing with successive aliquots of 2N 
sodium hydroxide (50 m l) until the latter remained colourless. The mixture 
of monomers were then washed with aliquots of water until the wash liquor 
was alkali free.
The appropriate weight of benzoyl peroxide catalyst (Table 20) 
was dissolved in the monomer mixture. This solution was then poured into 
approximately four times its own volume of an aqueous solution of Rhodoviol
H.S, 100 (0,2%) (43) and sodium chloride 5% contained in the reaction vessel.
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The Rhodoviol is a commercial emulsion stabilizer and consists of polyvinyl- 
alcohol and water. For satisfactory results using the method outlined 
here it is important that a fresh sample of this particular brand of polyvinyl ~ 
alcohol is used, thus ensuring that the viscosity of the suspension medium 
(governed by chain length of the alcohol) is correct. Some of the styrene 
dissolves in the suspension medium and the sodium chloride is added to 
inhibit polymerisation in this phase so preventing the formation of free"- 
polystyrene chains which precipitate on the surfaces of the crosslinked beads.
The reaction was carried out in all glass apparatus (Fig 2 )
consisting of a five litre open necked flask fitted with a variable speed stirrer,
reflux condenser and thermometer pocket. The stirrer was arranged so
that the paddle was at the interface of the two phases. This ensures
maximum mixing efficiency. The reaction vessel was immersed in a
owaterbath at a temperature of 75 -  80 G. As the stirring speed determined 
th© size of the organic liquid drops, and hence the size of the final hydrocarbon 
bead, the first polymerisations were tria l and error experiments so as to 
arrive at the appropriate speed to give a finished resin size of 80% or more 
with a 20 -  50 mesh screening.
Progress of the reaction was followed by removing small samples 
of the hot suspension and examining the size of the droplets , Initially these 
were liquid and lighter than water but as the polymerisation proceeded they 
became progressively more viscous and rubbery, retaining their shape, and 
finally brittle, at which stage their specific gravity was greater than unity.
After the brittle stage had been reached ( ^ 3  hours), the suspension was 
removed, sieved and the polymerisation continued in distilled water for a 
further 2 hours or longer for reaction mixtures of lower divinylbenzene content. 
Finally the mixture was cooled and wet sieved, the 20 -  50 mesh fraction being 
retained. The beads were washed with water until th© washings were clear 
and then transferred to a Buchner funnel, washed with acetone and air dried.
At this stage the beads were completely hydrophobic, transparent and 
colourless.
FIGURE 2
APPARATUS FOR RESIN PREPARATION.
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During the chloromethylation reaction there is the possibility of 
additional crosslinks being introduced into the resin matrix. This is 
undesirable as for the exchange work, the most regularly crosslinked 
resin possible is required. The chloromethylation reaction and additional 
crosslinking reaction proceed simultaneously, chloromethylation dominating 
in the initial stages and crosslinking dominating as the reaction is pushed 
further. For this reason chloromethylation was carried out under mild 
conditions, four or five batches of product being prepared from each reaction. 
The resin with the highest water regain and shortest chloromethylation time 
was selected for the exchange work.
Chloromethylation was carried out in the same glass apparatus 
used for copolymerisation but with the addition of a glass tap funnel to hold 
make-up chloromethyl ether, and a glass sampling device to remove batches 
of resin ether slurry at predetermined intervals. The reaction vessel 
was heated in an isomantle. Commercial chloromethyl ether was dried
over calcium chloride. This was then added in sufficient quantity to the dry 
copolymer beads (100g,) contained in the dry reaction vessel, to swell the 
beads and permit free stirring of the slurry. The latter was allowed to 
stand overnight to ensure complete swelling of the beads. (Raising the 
temperature to the boiling point of the chloromethyl ether is equally effective.) 
Anhydrous stannic chloride catalyst (2% based on the chloromethyl ether) 
was added after dissolution in a further 150 ml of the ether. The mixture 
was brought to the reflux temperature of the ether c, a, 58°C , The 
reaction begins on the addition of the catalyst and this was considered as 
zero time.
Fractions of the slurry were drawn off at intervals (Fig. 4 ) and 
the resin separated from the ether by suction. The ether was returned 
to the reaction mixture via the reservoir together with any make-up ether 
required. The resin beads were washed several times with acetone and 
then dried thoroughly.
Chloromethylation
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Amination
The chloromethylated resin was immediately transferred to a 
flask of suitable capacity and cautiously covered with aqueous trimethylamine 
(25 -  30% w/v) solution. Although amination proceeded very rapidly in 
the cold the resins were allowed to stand under the amine overnight to ensure 
complete reaction. The surplus amine was decanted and the product
acidified with 5N hydrochloric acid. The resin was finally filtered at 
the pump, washed with distilled water until chloride free and stored wet 
until after conditioning.
Conditioning
All the resins used, including the commercially available 
Deacidite resins were conditioned in the same way to free them of likely 
contaminants, including stannic chloride, the hydrolysis products of 
chloromethyl ether (paraformaldehyde) and short chain molecules of the 
exchanger itself. These impurities were removed by backwashing the
resin in a column with water, so that the insoluble material of lower density 
than the resin was released and carried over in the effluent. When the 
latter became clear the beads were subjected to two cycles of conversion to 
the nitrate and then back to the chloride form using 3N nitric and hydrochloric 
acids. The resins were finally washed with deionized water and air dried.
Storage
After the resins had been prepared for us© they were stored 
in glass jars with screw caps. As the work proceeded and more data 
obtained it became necessary to adopt a standard for the water content of 
the resins so that their water regain and weight capacity values did not fluctuate. 
Although complete dehydration of the beads in an oven was undesirable for 
fear of mechanical damage it was found possible to store the resins at constant 
weight in desiccators over a saturated solution of calcium nitrate. At
21°C the latter produces a relative humidity of 50%
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3:2 Resin Characteristics
(i) Water regain determination: In the case of cation exchangers there
is no possibility of additional cronslinldng occurring during the introduction 
of the functional groups and so the percentage of diviqylbenzene added in the 
polymerisation process is a direct reflection of the pore size of the swollen 
resin. Due to the additional crosslinking reaction the pore size of anion 
exchange resins must be estimated using the water regain characteristics.
The latter bears a direct relationship to the pore size since the amount of 
water that a resin is able to absorb is necessarily a function of the volume of 
the resin intersticies.
The water regain value of each resin was determined by allowing 
a sample (/v /lg ,) of the resin in the chloride form to sweU for two hours 
in deionized water. This was carried out in a small preweighed tube with 
a sintered glass bottom, A drop of Teepol was added to the deionized water 
to facilitate drainage. The top of the tube was covered with polythene and 
contrifuged at 2000 rpm for two minutes in a small bench apparatus. The 
tube containing the wet resin was weighed, and then dried to constant weight 
in an oven at 1Q0°C, The water regain value was calculated from the expression
Weight of adsorbed water 
Water regain «----— ---------------------  • , , 3:2:1
Weight of dry resin
A small correction factor arrived at by Pepper Reichehberg and Hale (43) 
and applied by Harvey (44) was not used as this factor (amounting to ^2%) 
was obtained for use under different experimental conditions and for sulphonated 
polystyrene beads,
(ii) Capacity Determination: The weight capacity of an anion exchanger
is defined as the number of milliequivalents of exchangeable chloride ion per 
gram of dry resin. The capacities of the resins used for the isotherm 
work have been determined in three ways. Methods b) and c) give an estimate 
of the weak base capacity of th© resins. Strong base groups are by definition 
practically completely ionized under any conditions, However if there are any 
weak base groups (-CHg NH(CHg)2) present these are predominately non-ionic
at high pH,
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Method a)
The resin (Lg.) in the chloride form was weighed into a small 
column and eluted with 2N nitric acid at the rate of 1 bed volume per minute.
The eluate (100 m l) was collected in a volumetric flask and 25 ml aliquots 
titrated potentiometrically (Fig 5 ) against standard silver nitrate solution.
Method b)
This method gives an estimate of both the weakly basic and the 
strongly basic anion exchange capacity and is based on the procedure recommended 
by Wilson (45). The resin (Ig .) in the chloride form was eluted at the rate 
cf Ibed volume per minute with 1% ammonia solution (250 m l). The eluate was 
neutralized to methyl orange and three drops excess concentrated nitric acid was 
added. It was then titrated potentiometrically with standard silver nitrate.
Some of the strongly basic groups are hydrolysed during the treatment with ammonia 
and a correction must be made. A further aliquot of 1% ammonia (100 m l) 
was passed over the resin, collected, acidified and titrated as above. The 
approximate weakly basic capacity may then be estimated from the expression:-
N(t -  t )
c -  - — — . . 3:2:2w  v/
C -  weakly basic capacity (m.equivs./g, dry resin Cl” form) w
N -  normality of the silver nitrate solution
W -  weight of resin taken for the determination
t^ « titre of the first ammonia fraction (0 -  250 ml)
tg ~ titre of the second ammonia fraction (250 -  350 m l)
The resin was subsequently eluted with 4% sodium sulphate solution 
(250 m l) and the eluate collected and titrated with standard silver nitrate solution. 
The total capacity may be estimated from the total quantity of silver nitrate 
required to precipitate all the chloride from each of the three fractions of 
eluate collected.
Method c)
The resin (lg .) in the chloride form was eluted in a small column
with 1% sodium nitrate solution (100 m l) at the rate of 1 bed volume per minute*
An aliquot (50 m l) of the eluate was titrated with O.XN silver nitrate solution.
The total exchange capacity was calculated. The resin was converted back
to the chloride form using 1,5% hydrochloric acid (LOO m l) and rinsed with 
deionized water at the rate of 1 bed volume /  2 mins. until chloride free.
1% ammonia (100 m l) was passed over the resin which was then rinsed with 
deionized water until chloride free. 2,5% neutral sodium chloride solution
(LOO m l) was passed through the resin to regenerate any strong base groups 
which had been hydrolysed by the ammonia, 1% sodium nitrate (100 m l)
was passed through the resin and the eluate titrated. The volume of standard 
silver nitrate solution required to precipitate the chloride in the eluate was 
used to calculate the strong base capacity. The weak base capacity was 
finally estimated as the difference between the total and the strong base capacities.
(iii) pH Titration of weak base groups
The weak base capacities obtained in methods b) and c) above 
were checked by direct titration. The resin (lg .) in the chloride form was
placed in a vessel with deionized water (50 ml) and titrated with 0.1N sodium 
hydroxide solution (see Fig. Q ) in the presence of a glass/calomel electrode 
pair, whilst the solution is stirred. The sodium hydroxide was added in
0.1 ml increments and the glass electrode allowed to stabilize (30 mins.) 
before the pH was noted.
(iv) The Volume Capacity
The volume capacity* of an anion exchanger may be defined as
the number of milliequivalents of exchangeable chloride ion per m illilitre of 
swollen resin. In this work the volume capacity was obtained from a 
knowledge of the dry weight capacity and the water regain value of the resin (46) 
which are related by the expression :
Volume capacity = M j ^ g r e i ^ a ^ l .  . . .3 : 2 : 3water regam + 0,766
FIGURE 5
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APPARATUS FOR POTENTIOMETRIC TITRATION OF CHLORIDE.
FIGURE 6
APPARATUS FOR DIRECT TITRATION OF ION EXCHANGE RESINS.
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All the solutions used for the equilibrium experiments were 
prepared using analytical grade reagents and deionized water. The 
equilibrium positions of the reactions under consideration were approached 
from the left hand side of equation 2:2:1,
There are two ways of setting up the equilibrium position, one 
being the dynamic or column method and the other being the static batch 
method. The latter has the advantages that a) it is far more simple 
to operate b) if the flask has been left long enough, equilibrium is bound 
to be established and the temperature of the solution in the flask w ill be 
the same as that of the thermostat bath in whioh it stands. It has the 
disadvantages however that there is a problem with condensation at elevated 
temperatures which is not so noticeable with the column method. There 
is also the problem of separating the resin from the solution with which it 
is in equilibrium without disturbing that equilibrium,
The column method. The apparatus consisted of glass jacketed columns 
in which the exchange reaction was carried out. The influent solution 
was brought to the desired temperature by passing it through a glass spiral 
contained in a glass jacket. Water, thermostated to the desired temperature
( $ 0,5°C) was pumped through the glass jackets.
Ten solutions containing differing proportions of sodium chloride 
and the sodium salt of a dibasic acid (oxalate or sulphate) were prepared 
such that the concentrations in equivalents/litre were constant (Table 26 ),
The resin (0,5 g.) was weighed into a dry column and a solution, prepared 
as described above, passed through the thermostated spiral onto the resin.
The resin was allowed to swell for 15 mins. after whioh all air bubbles were 
removed from the resin and from below the retaining sintered glass disc.
The resin was eluted at a flow rate of 1 ml/minute until 100 m illilitres of eluate 
had been collected in a volumetric flask. Separate experiments indicated 
that this was sufficient solution to achieve equilibrium at the specified flow rate.
3:3 Isotherm determination
The eluate was analysed for chloride by potentiometric titration with standard 
silver nitrate1 solution. The uptake of bivalent anion was determined 
by difference. The equivalent ionic fraction of chloride in the resin at 
equilibrium was calculated using the relation:
XC1 ■f f t /  V o  . , , 3:3:3(a + b)
where a = number of equivalents of chloride in 100 mis of influent
2-b » number of equivalents of B in 100 mis of influent
a’ = • number of equivalents of chloride in 100 mis eluate
2_
b! = number of equivalents of B in 100 mis eluate
The ratio (a1 + b ')/(a + b) is a measure of the change in concentration of 
the external solution when the resin takes up water during the swelling process.
This has been found in a series of experiments by analysing for both anions (37).
The maximum deviation from unity was shown to be 0.2%.
The Batoh Method Ten solutions were prepared (Table 26 ) in 150 ml 
Quickfit conical fia sics with ground glass stoppers. The resin (0.5 g.) was 
weighed into each flask and allowed to equilibrate, with occasional shaking, 
in a water bath for eighteen hours. The temperature of the water bath 
was controlled to -  0.1° at 25°C and to t 0.2°C at temperatures as high as 
Q5°G. After equilibration the flasks were well shaken at quarter hour 
intervals for about one hour to ensure that any condensation which had formed 
in the flask was incorporated in the solution. The solutions were separated 
from the resin in the flasks without removing the latter from the constant 
temperature bath. This was achieved by sucking the solutions through a sintered 
glass filter, via a glass spiral, which was cooled in an ice bath, into a Buchner 
flask. The solutions were allowed to warm to room temperature, after which 
aliquots were taken and analysed for chloride and hence the equivalent ionic fraction 
of chloride in the external solution was obtained. The equivalent ionic 
fraction of chloride in the resin was calculated using the relation:
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where q = number of equivalents of Cl in the resin sample
i = number of equivalents of Cl” in the prepared solution 
e " number of equivalents of Cl” in the eternal solution at 
equilibrium*
3:4 The Electro-Analytical Technique for the Estimation of Chloride
Providing no ions are present which precipitate or attack the 
reagents used two criteria determine the appropriate technique
1) The accuracy required (in conjunction with the determination time)
2) The concentration of the chloride solution*
The potentiometrio titration in the form which has been applied 
was selected as being the most suitable method combining speed with moderate 
accuracy.
In the presenoe of oxalates Shchigol and Birhbaum (47) have 
suggested that in the potentiometrio titration of chloride in neutral solution 
the results for chloride are low while those for oxalate are high. However 
in ammoniaeal solution the chloride ions react with an ammonia silver-oxalate 
complex instead of with silver ions directly. The first potential break 
observed corresponds to the complete formation of the silver chloride precipitate. 
This interference from oxalate ions probably occurs only at very low 
concentrations of chloride however, as a careful check on the method revealed 
only small differences which were within experimental error. Solutions 
were made up containing known amounts of chloride mid oxalate ions in similar 
concentrations to those likely to be experienced in the routine analysis.
The results of these estimations are shown in Table 1.
3:5 Calorimetric Measurements
The enthalpy of exchange reactions has been determined
calorimetrieally by first determining the heat of swelling of the resin and
subtracting this from the heat change when the dry resin in the chloride form
2—was allowed to equilibrate with a solution containing B ions
2— 2— 2-(where B is SO. or (GOO) ~ ). The apparatus used in the present
4k Ji
FIGURE 7
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NON-ISOTHERMAL CALORIMETER.
FIGURE 8
THERMISTOR BRIDGE CIRCUIT.
B
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work consisted of a constant temperature environment non-isothermal 
calorimeter with its associated electrical circuitry. The calorimeter (Fig, 7) 
has been fully described (48, 49) and only a short account w ill be given here.
The calorimeter consisted of a thin walled pyrex reaction vessel,
A, of 100 ml capacity, attached with ‘Araldite’ to the lid of a chromium 
plated brass jacket B. A stout glass pin protruded symmetrically upwards 
from the bottom of the reaction vessel which was also provided with two thin 
glass pockets C and C . The lid of the brass jacket was provided with two
X a
access tubes one of which served as an exit for the thermistor and heater 
leads. The other access tube was not used and was plugged during the
experiments described. A watertight seal was obtained between the
lid and the brass jacket by using an fOT ring and a threaded metal retaining ring.
The calorimeter stirring assembly consisted of a gold combined 
stirrer and ampoule holder which was connected to the stirring shaft via 
a teflon coupling. The stirrer passed vertically through the lid of the 
jacket and was constructed so that without interrupting the stirring, an 
ampoule held in the stirrer could be lowered onto the glass pin and broken.
Th© stirrer was connected via a neoprene belt to the shaft of a synchronous 
motor, A stirrer speed of 800 r.p .m . was achieved by providing suitable
gearing between the motor and the stirrer shaft. At this stirring rate
thermal equilibrium was attained in the calorimeter within one minute while 
at the same time the heat of stirring was maintained at a minimum level.
The calorimeter in its brass jacket was completely immersed in 
a thermostat bath in which the temperature was controlled to 25^ 0.001°C,
The thermostat was controlled by a mercury contact thermometer and fish 
tan!?: heater operated by an electronic relay unit. The bath temperature
was observed by a mercury in glass thermometer calibrated in hundredths 
of a degree.
Temperature Measurement The temperature of the solution in the 
calorimeter vessel was measured indirectly by means of a thermistor 
(Stantel Type F 2311/300 &2g°c ** 1533 ohms) immersed in transformer
oil in pocket The resistance of the thermistor was determined using
a Wheatstone bridge arrangement, (Fig. 8), Resistors R^ and were 
1000 ohm Croydon substandards, R  ^was the thermistor and R  ^was a 
precision six dial decade resistance box (Croydon type R ,B . 6.)„ The 
bridge current was supplied by a 2volt accumulator and was adjusted to 
250 microamps by an external 10K ohm variable series resistor. The 
detector used was a Kiethley microvoltmeter (model 153) operating on the 
30 microvolt f,s ,d , range*
Electrical Calibration, Heat Capacity Measurement
The calibration heating element contained in pocket Cg was 
submerged in transformer oil. It was constructed as a formerless non 
inductively wound coil of enamelled Karma wire and was connected to the 
electrical calibration unit via enamelled copper leads.
The calorimeter was calibrated by filling it with 100,00 ml 
of distilled water and passing a measured current through the calibration 
heater for a known period of time and determining the corresponding' temperature 
change in the calorimeter. It must be assumed that none of the electrical 
energy dissipated by the heater was lost from the calorimeter by conduction 
along the leads, i.e . all the heat generated by the heater was absorbed by 
the calorimeter and its contents. The electrical calibration circuit is shown 
in Fig, 9,
A stabilized 20 volt B .C . power supply provided a steady current through a
dummy heater equal in resistance to that of the calibration heater. The
current was adjusted to the desired value using the external variable series
resistance R_. A current of 25, 50 or 67 mA was usually used. On is
closing the double pole switch the current was diverted through the heater 
and simultaneously a hundredth second timer was started. The exact current 
flowing through the calibration heater was determined by measuring the 
potential drop across a 10 ohm standard resistance in series with the 
heater.
F IG U R E  1 0
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A TYPICAL RESISTANCE-TIME PLOT FOR A CALORIMETRIC EXPERIMENT.
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The water calibration described below provided a reference 
point which could be checked throughout the work to ensure that external 
factors remained constant.
The temperature of the calorimeter filled with 100.00 ml of
distilled water was brought to just under 25°C (R  ^ « 1534XL.). It was
then sealed in its jacket and immersed in the 25°C thermostat. After
equilibrium had been established (15 -  30 mins.) a split second stopwatch
was started. Readings of resistance of thermistor (R^) and time (t)
were taken at constant intervals of resistance (0.04 ohm) by stopping the
slave hand of the stopwatch the instant the galvanometer passed through
the null point, A pre-rating resistance-time curve was plotted over
a period of about 10 minutes (from t « 0 to t « t*, see Fig. 10 ). At the
preselected time t. the calibration current was passed and the potential
drop E across the standard resistance R was measured and recorded, s s
Three or four values of the resistance of the thermistor at times during 
the heating period were obtained. At the time, to, the calibration current 
was discontinued and a resistance/time post rating curve plotted in the same 
manner as the prorating curve. The reading on the electronic relay operated 
stopclock was recorded.
The total heat capacity, s , of the calorimeter may be defined 
as the quantity of heat required to raise the temperature of the calorimeter 
by one degree. e is temperature dependant.
It follows that if s calories raise the temperature by 1°C then 
Q calories raise the calorimeter by Q /e°, Thus Q/s « A  8 where A©  
is the Corrected1 temperature change. The method of determining the 
corrected temperature change was that first described by Dickenson (50),
A time, t f was found to which both pre-and postrating curves were 
extrapolated so that the shaded areas 1 and 2 in Fig, 10 were equal.
This is known as Dickenson’s criterion.
If Qc calories of electrical energy are dissipated in the calorimeter
producing a ’corrected temperature rise of A 0  degreesc
Q ~ e A  0  • . . 3:5:1c o
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K the electrical energy was generated by a current (I) in the 
calorimeter heater for T seconds then it follows that:~
2
Q = 1 * RH *T oals. . . , 3:5:2
°  4.1840
where Brr is the resistance of the calorimeter heater and 1 thermochemical 
calorie = 4.1840 Joules.
The current (I) is evaluated by measuring the potential drop (E) 
across the standard resistor R^. Thus the equation may be rewritten as:-
E2. T .H „
q -  ---------   oals. * . * 3:5:3
° 4.1840.Rs
From equation 3:5:1
E2.T .R „
6 -   --------. . .3 :5 : 4 :
4.1840. R . A  B s c
Now it has been shown (48) that A& = -c  log R /^H^
Substituting for A §  in equation 3:5:4
25 e 2- T ' Rh
24.1840, R . clogR./EL s i t
This may be rewritten as:-
,2
where k 53 BH
. , . 3:5:5
25 _ k .T E ‘i m  fn ' s » ® 3*5*5C log (R./R^)
4.1840.R
The constant k may be measured directly but c, the thermistor constant is 
not determined and is omitted from calculations. Thus the value of e 
actually obtained is directly proportional to the absolute heat capacity.
The Chemical Standard for Reaction Calorimeters
The accuracy of the calorimeter described above was determined 
at 25°C using the solution of tris (hydroxymethyl) amino ethane,
(2-amino~2-hydroxy methyl -  1 ,3-propane diol), designated THIS., in 
aqueous hydrochloric acid as proposed by Irving and Wadso,
H2N,C.(CH2OH)3 + HgO+  >  HgN+C.(CH20H)3 + HgO
25Ck H^_t„ = -7110 i'X cals/mole at a concentration of 0.5 g.per iKlb
100 ml hydrochloric acid (0,10M)
The enthalpy change for the TRIS reaction has been measured 
by the comparison or substitution method in which the amount of heat 
generated in the reaction under investigation was compared with a carefully 
measured equivalent amount of electrical energy. There are therefore 
two processes involved in each enthalpy measurement.
1. Measurement of the temperature or resistance change produced
by a given amount of chemical reaction within the calorimeter.
2. Measurement of an amount of electrical energy dissipated as
heat within the calorimeter so as to produce the same temperature 
(resistance) change as in 1.
For the most accurate results it was necessary to match the amount 
of electrical energy dissipated during the calibration to that generated in the 
accompanying chemical reaction as closley as possible so as to eliminate errors 
which are common to both experiments.
The ampoules were constructed from 1 cm pyrex tubing. Microscope
coverslips were sealed across each end with paraffin wax. Before sealing the
ampoule with the second coverslip the former was filled with reactant and
-5weighed on a semimicro balance to i l  x 10 g.
The calorimeter was filled with 0.10M hydrochloric acid (100 ml) 
and the stirrer, holding the sealed ampoule, inserted. The calorimeter 
was enclosed in its jacket and allowed to equilibrate in the thermostat.
The prerating curve was plotted as described for the electrical calibration.
At a time t. the stirrer shaft was lowered and the ampoule fractured on the 
stout pin in the base of the calorimeter, without interruption of stirring.
Readings of resistance and time were continued as quickly as possible.
After equilibration (approximately 1 - 2  mins.) the thermistor reached a 
steady value at a time and resistance-time readings were continued in 
order to plot the post-rating curve.
The reaction products were cooled to the initial temperature and 
the system calibrated electrically as described above. A current of 
67 mA was passed through the calibration heater for four minutes, A high 
current was chosen as the THIS reaction is very fast (30 secs.) and it is 
desirable to make the calibration over as short a period of time as possible.
The weight of TRIS vised was corrected to vacuum (52).
The enthalpy change A H  at 25°G for a defined chemical process is given by
2g
A H -  e&Q/vv • Kcals/unit reaction.
e » is the absolute heat capacity of the colorimetric system at 25°C 
= is the corrected temperature change and w is the number of 
moles of component defining unit reaction. However as stated above 
A §~ C  log (Ri/Rf) and e « e 1/C
A  AH » e1log(Ri/Rf) • . . 3:5:7
w
The enthalpies of ion exchange reactions were measured by the 
same comparison method. The ampoules were filled with resin (). 5g.) 
in the chloride form which was equilibrated with sodium chloride solution (3 00 ml) 
to determine the heats of swelling. The values obtained for the heats of 
swelling were subtracted from the heats measured when resin (0.5g.) was 
equilibrated with O.XN solutions of sodium oxalate and sodium sulphate. Hence 
the heats of exchange of chloride with oxalate and sulphate ions were obtained.
SECTION 4
R E S U L T S  A N D  D ISC U SSIO N
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4:1 The accurate determination of chloride in the eluate solutions from the
equilibrium experiments was essential. The oxalate and sulphate
concentrations in these solutions were estimated by difference, the total
anionic concentration being 0.1N. It can be seen from equation 2:2:14
that small inaccuracies in the derived value of x -, alter the value of 
AlnK__ by a disproportionately large amount. The analysis procedure was
checked as described in section 3:4 and the results are given in Table 1.
The plots of e .m .f. (E) values as ordinates versus volume (V) of silver
nitrate solution added as abscissae were drawn to determine the end point.
This procedure proved tedious in the routine analysis and consequently the
2 2second derivative A  S /A V  was calculated as has been suggested (54).
2 2The end point was then the volume of titrant added when A E / A V  ** 0.
The agreement between the known and experimentally determined 
values of chloride in solutions containing both oxalate or sulphate and chloride 
ions was good. The small differences which occurred are within experimental 
error.
TABLE 1
The Verification of the Electroanalytical method for the Determination of Chloride
mg.equivs.
c r
mg.equivs,
<C0O)2-
mg.equivs. 
Cl" found
mg.equivs,
c r
mg.equivs.
s o f-
mg.equivs. 
Cl" found
8,800 1.200 8.800 9.000 1,000 9,000
7.200 2.800 7.196 7,000 3.000 6.980
5,600 4.400 5,596 5,000 5.000 5.000
4,000 6.000 3.996 3.000 7.000 3.008
2,400 7.600 2.396 1.000 9.000 0.992
Experimental error = + 0.004 mg.equivs. Cl"
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4:2 Inspection of Figs. 12-18 indicates that the isotherms obtained for 
cliloride-oxalate and chloride-sulphate exchange are sigmoidal in shape and 
that usually the bivalent ion is preferred by the resin to the chloride ion.
However, for the tightly crosslinked resin I  5 and for resin N12 when the 
anion concentration in the solution is raised to 0.15 or 0*20 N, at low values 
of xA it is found that the chloride ion is preferred by the resin (Figs, 15 and 18).
At very low concentrations (0.025N) the isotherm for the resin N12 and ehloride- 
oxalate exchange appears to be anomalous, In this case however the data 
must be treated with caution as the analytical technique was not tested at such 
low concentrations and interference by the oxalate ion (47) discussed above, 
probably accounts for the apparently low results. The isotherms presented 
in Fig. 15 indicate that, as the concentration of the electrolyte solution decreases, 
the preference for oxalate ions increases. The Stokes radii, a measure of 
the hydrated ionic radius derived from mobility measurements, indicate that the 
hydrated oxalate and chloride ions are approximately the same size viz:
C f  r  -  1.20A°, (COO)2" r  =* 1.24A°. (55) Thus in terms of size
the bivalent ion w ill be preferred as this has the smaller equivalent ionic 
volume. It is possible, however, that in strong solutions (i.e . 0.2N) 
the bivalent ion w ill be preferred by the external solution where the increased 
concentration w ill energetically favour the less highly hydrated ion. Also as 
the concentration is raised, the chloride ions which are more highly hydrated will 
lose rather more solvating water molecules than the oxalate ion, thus reducing 
their size more than the latter. It is uncertain whether the equivalent ionic 
volume will become smaller than that of the bivalent ion, but the effect of a 
reduction in size w ill operate in the same direction as the solvation effect 
mentioned above. Together these two considerations must contribute to a 
large extent to the selectivity reversal which is observed at higher concentrations 
for chloride-oxalate exchange.
At elevated temperatures, where again it is expected that hydration 
w ill be decreased, it has been found that sulphate and oxalate are increasingly 
favoured by the exchanger. This temperature dependence of the equilibria 
is in general related to the standard enthalpy change which accompanies the reaction.
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A high temperature is unfavourable to the reaction which occurs with the 
evolution of heat. The exchange of chloride for oxalate or sulphate has 
been shown to be endothermic and hence this preference for the bivalent 
ion is in accord with the calorimetric data. Generally it is accepted 
that the exchanger w ill prefer a) the counter-ion of higher valence if the 
external electrolyte concentration is low b) the counter-ion with the 
smaller (solvated) equivalent volume c) the counter-ion with the greater 
polarizability d) the counter-ion which interacts more strongly with the 
fixed ionic groups or with the resin matrix e) the counter-ion which 
participates least in complex formation with the co-ion. Points a) b) 
and c) are all favourable to the preferential uptake of sulphate or oxalate 
in exchange for chloride ions.
Fig. 13 indicates that for resins of very high water-regain 
(i.e . greater than 6) and chloride-oxalate exchange, the uptake of oxalate 
is decreased with increasing water-regain. This probably reflects the 
fact that adjacent exchange groups are becoming too far apart for a bivalent 
ion to be associated with both sites*
For the isoporous resin N8 it has been found that the uptake of 
oxalate ion is greater than that observed under similar conditions with a 
conventional styrene -divinylbense no crosslinked resin of comparable water- 
regain ratio (i.e , N9). As the equivalent ionic volume of the oxalate ion is 
so much less than that of the chloride ion the greater affinity of the isoporous 
resins for the former is unlikely to be an accommodation effect. There is 
possibly some inaccessibility of sites in conventional resins due to areas of 
very tight crosslinking which does not occur in the more regular structure 
of the isoporous resins. The chloride ions w ill more readily overcome 
this steric factor by deformation of their solvation spheres while the bivalent 
ions whioh are much less hydrated are excluded. The bivalent ions also 
have the problem of becoming associated with two exchange sites at once.
(This effect w ill be more pronounced for the oxalate ion where the charges 
are located essentially on the carboxyl groups than for the effectively spherical 
sulphate ion,) In the more regular isoporous structure the bivalent ions will
have to warp the matrix to a lesser extent, on average, to achieve this 
with the result that exchange w ill take place more readily.
As in the above case it has been found that for chloride-sulphate 
exchange, uptake of bivalent ion by the isoporous resin 112 is greater than 
that of resin N12. However, it must be noted that for an isoporous resin 
of lower crosslinking, 1 9, the uptake of sulphate ion has been found to be 
lower than that observed with a styrene-divinylbenaene crosslinked resin 
N9, (Figs, 16 and 18).
4:3 The experimental values of x ^  and for different resins and at 
various temperatures together with the parameters calculated from them are 
given in Tables 27 - 98  in Appendix n . The plots of
against x„ are presented in Figs. 19 -  34.Jo
For resins of high crosslinking and at 25°C it is found that the 
selectivity plots are linear or almost so, as required by the theory developed 
in section 2:2. However for resins of higher water-regain values 
(lower crosslinking) or for any resin at elevated temperatures the plots show 
marked curveture. Thus for chloride-oxalate exchange on resins of the 
laboratory prepared and the styrene-divinylbenzene crosslinked Deacidite types 
this deviation indicates that rather less than the expected amount of exchange 
occurs when chloride ions are exchanged for oxalate ions in a mainly oxalate 
form matrix. Further, at low loadings of bivalent ion on the resin, there
is a tendency for more exchange to occur than is indicated by extrapolation 
of results at higher values of x^.
Chloride-oxalate exchange on the isoporous resin N8 at the 
temperatures 25° and 35°C appears to give a linear plot as predicted (Fig. 20), 
At higher temperatures however, this system shows a marked tendency for 
more oxalate to be taken up by the resin at high loadings of the bivalent ion 
than is required by equation 2:2:15. This same tendency is observed for
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SELECTIVITY PLOTS FOR CHLOR3DE-SULPHATE EXCHANGE ON RESIN N12.
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chloride-sulphate exchange on the laboratory prepared and conventional 
Beacidite resins as well as on the isoporous Deaeidite resins, 15, 19, and 
112. In this respect chloride-sulphate exchange on all the resins 
investigated and chloride-oxalate exchange on the isoporous resin N8 
differs from the behaviour observed for chloride-oxalate exchange on the 
laboratory prepared and the conventional Deaeidite resins
Chloride-nitrate exchange (Figs. 33, 34) on resin N9 deviates 
from the theoretical predictions given by Salmon (38) in that the selectivity 
plots are slightly curved at high values of Xg in a similar sense to that 
observed for chloride-oxalate exchange on the same resin. It is interesting 
to note however, that neither the degree of curveture nor the uptake of 
' nitrate alters with rise of temperature. From this it may be concluded 
that the enthalpy of the exchange reaction is very small.
The deviations from linearity of the selectivity plots for chloride-
oxalate exchange on styrene-divinylbenzene crosslinked resins may be
adequately explained by the considerations put forward in section 2:4.
Irregularities in crosslinldng create environments for the fixed ionic groups
in the resin which differ, with the result that the counter-ions associated with these
exchange groups experience different interaction forces* The slope of the
selectivity plots according to 2:2:15 is equal to w /R T , Thus it may be
reasonably assumed that at first the bivalent ions w ill reside in areas where w
2-the additional energy associated with placing B ions on adjacent sites, is lowest,
The sites where to is highest w ill only be occupied by bivalent ions as the
2—matrix is converted to mainly the B form. For chloride-oxalate exchange 
to has been shown to remain positive for all values of x (Table 4). The 
empirical correction suggested in section 2:4 has been applied with great success 
(Figs. 35 and 36) to straighten the selectivity plots so that values of the intercept 
) at Xg = 0 might be obtained. These values were used to 
calculate the standard enthalpy change of the reaction using the van’t Hoff 
isochore, the values of A H  obtained agreeing well with those determined by 
calorimetry (Table 18),
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Consideration of the ehlo r  ide -  sulphate exchange data indicates 
that for low loadings of sulphate on the resin, whether the latter be isoporous 
or not, the value of co is positive at low resin loadings of sulphate but 
apparently becomes negative at high loadings, 31 co does in fact, become 
negative under these conditions then it is difficult to see why the resin should 
not be completely converted to the sulphate form. It has been observed 
during the calorimetric work, however, that even when resins are equilibrated 
with 0.1N sodium sulphate solution, only 90% at the most, of the exchange 
sites are occupied by sulphate ions (Table 17). It is possible that these 
conflicting observations could arise as the result of small experimental 
inaccuracies. Fig, 37 shows the way in which the selectivity plot varies 
in shape when calculations are made using the same experimental data but 
with slightly differing values of the weight capacity. The data used are 
those for chloride-oxalate exchange on isoporous Deacidite resin at 25°C.
It can be seen that if the weight capacity of the resin is 2 -  4% below the 
observed value of 3,306 mg.equiv. Cl /g . then deviations from linearity of 
the magnitude observed for much of the chloride-sulphate exchange data are 
produced. This arises because the ionic fraction of chloride in the resin is 
calculated from the difference between the weight capacity of the resin sample 
used and the amount of chloride exchanged for oxalate ions. When the amount 
of exchange is large (70% or more) this difference becomes very small and 
small variations in weight capacity make large percentage differences to the 
amount of chloride remaining on the resin. The capacities of the resins 
were determined by three different methods and an investigation was carried out 
to determine the strong base capacities of the resins. The results appear 
in Appendix I, No weak base capacity was detected and the overall variation 
in capacity for resins stored in the same way was, with the exception of resin 
N9, t 0.3%; a figure too small to explain the selectivity plots obtained.
It might be expected that at higher temperatures the uptake of 
oxalate would become less as dissociation £or Process:~
(GOOH) (COO)2” + 2H+2 *
is decreased as the temperature is raised. However this is not the case
and in fact it has been found that the uptake of oxalate is considerably enhanced 
by a rise in temperature. However, as the concentration of oxalate in the 
resin increases, whether this is due to increasing loading of the resin with 
oxalate or due to increasing volume capacity then it is found that the amount 
of oxalate taken up by the resin decreases (Figs, 12 and 19). The same 
might be expected of the chloride-sulphate exchange system and while this is 
partially true for an increase in volume capacity (Fig, 16) results at high 
loadings of sulphate on the resin indicate an ever increasing affinity of the 
latter for bivalent ion (Figs, 26 -  32). It must be concluded that some other 
factor which has not been considered must be taken into account.
Any temperature effect on the capacity of the resins would help 
to explain the deviations in the selectivity plots observed for either of the 
chloride-sulphate or the chloride-oxalate exchange systems, but would 
automatically enhance the discrepancies for the other* The most promising 
field for further study to resolve this problem would appear to be that of the 
hydration of anions in relation to their exchange properties, particularly at 
varying temperatures. The relevant heats of hydration together with an 
estimation of the electrostatic interaction energy could lead (56) to a clearer 
understanding of the part played by hydration in determining ion exchange 
selectivity.
In some of the selectivity plots, particularly for cliloride-sulphate 
exchange at elevated temperatures, the experimental points tend to be rather 
more scattered than was previously the case for chloride-oxalate exchange.
The reason for this is that the earlier work on the chloride-oxalate system was 
carried out using the column method for obtaining equilibrium between the resin 
and the external solution, while batch operation was adopted to obtain the chloride- 
sulphate exchange data. In the latte r  case the problem with evaporation from 
the solutions was enhanced thus accounting for the difference in the qualify of the 
results. This factor apart, the batch method is likely to yield the more accurate 
results and for future experiments it would be desirable to design apparatus 
to minimise evaporational losses in batch experiments.
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TABLE 2
The variation of to and AG with water-regain ratio of the resin at 25°C for
chloride-oxalate exohange.
b *
ftojoules/mole 
(^ G joules/equi 
wjoules/mole
N9 N8 N12 N19 N28 N39 N60 N67 N il 3 
j
0.21 0.28 0.39 0,53 0.65 0.99 1.50 1.84 2,58
2760 2370 1760 2180 3010 3850 2720 2680 4600
1470 950 750 290 -125 -800 -1170 -1260 -1760
1260 580" 630 710 840 1170 710 710 1470
1760 1430 1000 630 335 -210 —710 -800 -1130
a Values obtained from least squares plot of selectivity data 
b Values obtained from least squares plot of selectivity data incorporating the 
empirical correction term.
TABLE 3
The variation of to and AG with water-regain ratio of the resin at 25°C for
chlo r  ide -  sulphate exchange.
I~5 N9 19” 112 102 N39" N67
Water-regain ratio 0.18 0,22 0,29 0,37 0,42 1,13 1.96
&  joules/mole 3150 2450 1460 1230 1250 890 1160
a I
J£G joules/equiv, 1990 1320 1550 980 970 -230 -980
<w joules/mole 3150 2260 2200 2050 1600 1430 1210
\ g  joule s/equiv. 1990 1360 1350 770 910 -330 -930
a Values obtained from least squares plot of selectivity data 
b Values obtained by drawing best straight line through a limited number of points
hi tables 4, 7 and 10 a) and b) have the same significance as in Table 2,
Jh tables 5, 6, 8, 9, 11 and 12 a) and b) have the same significance as in Table 3.
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TABLE 4
The variation of q> with temperature for chloride-oxalate exchange.
Values in joules/mole0
Temp. N9 N8 N12 N39 N67
°G a b a b a b a b a b
25 2760 1260 2370; 580 1760 630 3850 1170 2680 710
35 3270 1380 2000 770 2640 920 4150 1090 2970 670
45 3770 1380 1280 810 3140 800 5020 1470 3520 920
55 4200 1260 1240 640 3600 1170 5020 1340 3350 710
65 3890 1130 2380 540 3640 1260 5860 1670 3140 1510
TABLE 5
The variation of o) with temperature for chloride-sulphate exchange on resins
N9. N12, N39, N67. Values in joules/mole.
Temp N9 N12 N39 N67
°C a b a b a b a b
25 2450 2260 1250 1600 890 1430 1160 1210
35 1640 2150 1320 1500 1760 1130 1390 1300
45 2430 2510 -60 1190 720 1640 290 1140
55 860 1810 -2070 980 -350 780 -170 1130
65 560 1700 -210 1150 -770 1110 -170 940
TABLE 6
The variation of w with temperature for chloride-sulphate exchange on resins
15, 19, 112. Values in joules/mole.
Temp 15 19 112
°C a b a b a b
25 3150 3150 1460 2200 1230 2050
35 1020 2490 220 1610 870 1470
45 1410 2050 790 1100 40 820
55 790 1590 610 1340 -50 580
65 720 1250 780 1730 -980 580
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TABLE 7
The variation of KL, with temperature for chloride-oxalate exchange.
Temp N9 N8 3STL2 N39 N67
°C a b a h a b a b a b
25 0.30 0.24 0.46 0.31 0.54 0.45 1.89 1.18 2.70 1,89
35 0.39 0.29 0.48 0,38 0.70 0.54 2.22 1,28 3,45 2.27
45 0.52 0,35 0.47 0,44 0.92 0.62 2.50 1.47 4.00 2,63
55 0.63 0.39 0.71 0.52 1.18 0.80 3.13 1,64 4.55 2,86
65 0,72 0.47 1.05 0.68 1.37 0.92 3.85 1,96 4.55 2.94
TABLE 8
X
N9, N12. N39, N67»
Temp N9 N12 N39 N67
°C a b a b a b a b
25 0.35 0.33 0.46 0,48 1.20 1.30 2,22 2.12
35 0.33 0,36 0,56 0.57 2,12 1,77 2.94 2.74
45 0.49 0.49 0.58 0,71 1.64 1,93 2.50 2.91
55 0,40 0.46 0.44 0.75 1.54 1*86 2.50 3,23
65 0.53 0*64 0.70 0.92 1.72 2.38 3.45 4.06
TABLE 9
The variation of K— with temperature for chloride-sulphate exchange on resins'
15. 19. 112.
Temp 15 19 112
0G a b a b a b
25 0.20 0.20 0.28 0*34 0.45 0.54
35 0.18 0,23 0,34 0.42 0.52 0.57
45 0.23 0.27 0.47 0.50 0,50 0.56
55 0,29 0*32 0,54 0.58 0.57 0,64
65 0,42 0.42 0.62 0.71 0.54 0.68
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TABLE 10
The variation of AG with temperature for chloride-oxalate exchange
Values in joules/equiv, *
Temp N9 N8 N12 N39 N67
°C a b a b a b a b a b
25 1470 1760 950 1430 750 1000 -800 -1210 —1260 -800
35 1210 1590 950 1230 460 800 -1000 -335 -1590 -1050
45 840 1380 1000 1080 125 630 -1210 -500 -1840 -1260
55 630 1260 460 900 -210 290 -1550 -670 -2050 -1420
65 460 1090
©t*i 550 -420 125 -1880 -920 -2090 -1510
TABLE 11
The variation of AG with temperature for chloride-sulphate exchange on resins
N9» N12t N39» N67, Values in joules/equiv.
Temp N9 N12 N39 N67
°C a b a b a b a b
25 1320 1360 970 910 -230 -330 -980 • -930-
35 1430 1310 750 710 -950 -730 -1390 -1280
45 940 960 710 450 -1220 -870 -1220 -1410
55 1260 1050 1120 400 -580 -850 -1240 -1590
65 890 640 490 130 -770 -1210 -1730 -1970
TABLE 12
The variation of AG with temperature for chloride-sulphate exchange on resins
15, 19, 112« Values in joules/equiv0
Temp 15 19 112
a b a b a b
25 1990 1990 1550 1350 980 770
35 2180 1860 1370 1100 820 710
45 1940 1710 990 910 930 760
55 1710 1540 830 730 760 600
65 1230 1200 680 470 870 540
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TABLE . 13
Values of Kp, to and A G  obtained by drawing a tangent at ~ 0.5 to the 
selectivity plots for chloride-oxalate exchange
Resin oTemp C to A G
N9 25 0.31 2580 1460
N9 35 0.39 2860 1210
N9 45 0.48 2950 970
N9 55 0.52 2660 890
N9 65 0.59 2250 750
N12 25 0.51 1240 830
N12 35 0,66 1940 530
NX2 45 0.75 1810 380
N12 55 0,98 2290 30
N12 65 1.03 1650 -40
N39 25 1,35 1920 -390
N39 35 1.56 2090 -560
N39 45 1,69 2250 -700
N39 55 1.79 1780 -780
N39 85 2.08 2270 -1040
N67 25 2.17 1350 -960
NO 7 35 2.50 1200 -1180
N67 45 2.94 1470 -1410
N67 55 3,13 1160 -1540
N67 65 3.33 1480 -1680
Values of to in joules/mole 
Values of AG in joules/equiv,
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The variation in the values obtained for w over the temperature 
range 25 -  65°C (Tables 4 - 6 )  indicates a general upward trend for 
chloride-oxalate exchange and downward trend for chloride-sulphate 
exchange with increasing temperature. At this stage of development 
it is possibly unwise to read any significance into these trends as it 
appears that they might arise from the methods of treatment of the data.
It is noteworthy, however, that the values of w appear to vary in the 
same sense as the deviations from linearity in the selectivity plots. It 
is also important to note that the values of w obtained are very sensitive 
to small changes in the slopes of the plots and since these slopes clearly 
cannot be determined with great accuracy, only large differences in values 
of w can be taken to have much significance.
The values of AG obtained over the temperature range studied 
are more significant. These show a marked decrease both with increased 
temperature and increased water-regain value, becoming negative for both 
oxalate and sulphate exchange on resins N39 and N67 in the chloride form.
The equation for the exchange reaction may be written:-
2CT + s 2~ 2 c r  + 5 2~ . . .  4:3:1
As the bivalent species becomes more strongly favoured in the resin 
phase so the equilibrium position of the exchange reaction w ill move to the 
right hand side of 4:3:1. Hence the value of w ill become larger and 
A G  w ill become smaller or even negative. Thus Tables 1 0 -1 2  indicate 
that the ease with which the reaction can be accomplished increases with 
increased temperature and water-regain value of the resin. The values of 
A  G and of course from which the former are calculated, show 
particularly good gradation for chloride-oxalate exchange both with and 
without the incorporation of the empirical correction term. For chloride- 
sulphate exchange the decrease in A G  with increased temperature and water- 
regain of the resin is not as uniform. This may again be accounted for by 
the opposite sense of the curveture of the selectivity plots. In spite of this, 
comparison of the values for A H  obtained from lnK^ using the van’t Hoff 
isochore, with the calorimetrically measured values, indicates good agreement.
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From this point of view the values of AG and K ,^ may be regarded as 
very satisfactory,
4:4 The ion exchange equilibria studied have provided values for the 
thermodynamic equilibrium constant at different temperatures. As 
mentioned in the preceding section these data may be used to calculate 
the standard enthalpy of exchange using equation 2 : 6 : 7 .  For uni-bivalent 
exchange a plot of In K ,^ versus 1 /T  A° w ill have a slope of ~ 2 A H °/S .
As the selectivity plots are curved, differing values of may be
obtained depending on the treatment of the results. For chloride-oxalate
exchange A  H° has been calculated from values of Kjj, obtained by three
different methods. The methods were a) computation of the best straight
line through the points onthe selectivity plot by the least squares method and
determination of the intercept at ~ 0; b) application of the empirical
correction term (equation 2:4:1) and determination of the intercept at x^ » 0
of the best straight line through the resulting plot; c) determination of the
intercept of the tangent to the selectivity plot drawn at the point = 0,5.
The values of A  H obtained were labelled A H° , £Jrl and AH ,eq, ©mp, tan
respectively and are presented in Table 18, from which it can be seen that 
both methods b) and c) agree well with the colorimetric data. The
corresponding isochore plots are iUustrated in Figs. 38 -4 0 .
Due to the much greater uncertainty in the values of for the chloride-
sulphate exchange, the only way of obtaining presentable plots for ln l^  versus
1/T  was to ignore points at high values of x^ on the selectivity plot, The
extreme sensitivity of the selectivity equation in this region (Fig. 37) and the
reversal in the sign of the slope, ( w /RT), of the selectivity plot in particularly
bad cases, coupled with the relative insensitivity of the equation at low values
of Xg, may be taken as a justification for giving a greater weighting to points
in the latter region in determining the slope of the plot. The values of 
oA  H obtained in this way ar© presented in Table 19. eq.
The agreement between A  > Ari?an and j the latter
being the calorimetrically measured value for the standard enthalpy for
chloride-oxalate exchange is excellent. The values of / \n °  obtainedeq.
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d i r e c t l y  f r o m  th e  s e l e c t i v i t y  p lo t  a r e  n o t in  s u c h  g o od  a g r e e m e n t  b u t  t h i s  i s
u n d e r s ta n d a b le  w i th  th e  m o r e  e m p i r i c a l  a p p r o a c h  u s e d  in  t h i s  c a s e .
C h lo r id e - o x a la t e  e x c h a n g e  o n  th e  i s o p o r o u s  r e s i n  N 8 a p p e a r s  to  b e  a n o m a lo u s ,
b u t  th e  v e r y  lo w  v a lu e  o f  A H °  a t  2 5 ° C  p r e d ic t e d  b y  th e  e q u i l ib r iu m  d a ta
e q .
i s  n o t  o b s e r v e d  c a l o r i m e t r i c a l l y .  U s in g  th e  e m p i r i c a l  c o r r e c t io n  th e
v a l u e s  o f  o b ta in e d  g iv e  a  v a lu e  o f  A H  w h ic h  i s  in  a g r e e m e n t  w ith  th e  
c a l o r  i m e t r  ic  d a ta .
F o r  c h lo r id e - s u lp h a t e  e x c h a n g e  th e  v a lu e s  f o r  A H  c a lc u la te d  in  
t h e  m a n n e r  d e s c r ib e d  a b o v e  a r e  a g a in  in  c lo s e  a g r e e m e n t  w i th  th e  d a ta  
o b ta in e d  f r o m  th e  c a lo r i m e t e r ,  w i th  th e  e x c e p t io n  o f  th e  i s o p o r o u s  r e s i n  1 1 2 .
T h e  e q u i l ib r iu m  e x p e r im e n t s  w ith  t h i s  r e s i n  s u g g e s t  a  v a lu e  f o r  A  H o f  
2 4 3 3  jo u le s  p e r  m o le  o f  r e a c t i o n  c o m p a r e d  w ith  a  f ig u r e  o f  5 8 9 8  jo u le s  
o b ta in e d  f r o m  c a l o r i m e t r i c  m e a s u r e m e n t s .  T h is  d i s c r e p a n c y  i s  a g a in  
d u e  to  u n c e r t a in t y  in  th e  v a l u e s  o f  ln K ^  a s  p a r t i c u l a r l y  a t  e le v a t e d  t e m p e r a t u r e  
th e  e x p e r im e n t a l  d a ta  f o r  th e  e q u i l ib r iu m  e x p e r im e n t s  a r e  r a t h e r  s c a t t e r e d .
In  c o n c lu s io n  i t  m a y  b e  n o te d  th a t  th e  a g r e e m e n t  b e tw e e n  th e  
e q u i l ib r iu m  an d  th e  c a l o r i m e t r i c  d a ta  i s  s u f f i c ie n t ly  c lo s e  to  p r o v id e  c o n s id e r a b le  
s u p p o r t  f o r  th e  v a l id i t y  o f  th e  m o d e l u s e d  in  s e c t io n  2 :2  to  o b ta in  th e  p r e s e n t  
s e l e c t i v i t y  e x p r e s s io n .
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T A B L E  1 5
C a lo r i m e t r i c  D a ta  f o r  c h lo r id e - o x a la t e  e x c h a n g e .
V a lu e s  in  jo u le s / g ,  o f  r e s i i .
R e s in
H e a t o f  S w e ll in g
in  Ho 0  in  0 . 1 N  N a C l A
T o ta l  H eat*  
o f  E x c h a n g e
N et H eat* *  
o f  E x c h a n g e
- 4 , 3 5 - 5 . 2 3 1 8 . 3 4
N 9 - 4 . 6 4 - 5 . 2 3 1 8 . 3 4 2 3 . 4 0
- 4 . 7 2 - 5 . 2 3 1 7 , 8 3
- 4 . 7 2 - 5 . 1 5
- 7 . 7 7
1 8 . 2 1
1 1 . 8 7
N8 - 7 , 8 8
- 8 . 1 1
- 8 , 1 1
11.66
1 1 . 9 9
1 1 . 7 0
1 9 . 7 7
- 0 . 4 2 - 1 , 0 5 1 6 . 7 9
HL2 1 6 . 7 1 1 7 , 7 3
- 0 . 4 2 - 1 . 0 5 1 6 . 7 9
1 6 . 4 1
1 1 . 7 0 11,10 2 8 . 2 9
N 39 11.66 1 0 . 9 3 2 5 . 9 2 1 5 . 1 6
1 1 . 3 7 1 1 . 0 5 2 6 , 3 4
1 1 , 5 9 2 6 . 1 7
1 3 , 6 7 1 2 , 8 1 2 5 . 7 5
N 67 1 4 . 0 4 1 2 . 5 2 2 5 , 7 9 1 3 . 1 6
1 4 . 6 7 1 2 . 5 2 2 5 . 5 8
1 4 , 5 5 1 2 . 4 4 2 5 . 7 9
T h e  h e a t  e v o lv e d  w h e n  th e  d r y  r e s i n  in  th e  c h lo r id e  f o r m  i s  e q u i l ib r a te d  
w ith  1 0 0  m is  o f  0 , 1 N  s o d iu m  o x a la t e  s o lu t io n , in c lu d in g  th e  h e a t  o f  s w e l l in g .
A v e r a g e  v a l u e s .
T h e  h e a t  o f  b r e a k in g  o f  th e  a m p o u le  i s  a p p r o x im a te ly  0 , 0 8  j o u le s .  T h is  
h a s  b e e n  ig n o r e d .
T A B L E  1 6
-  I l l  -
T h e  C a lo r i m e t r i c  D a ta  f o r  c h lo r id e - s u lp h a t e  E x c h a n g e .
V a lu e s  in  jo u le s / g .  o f  r e s i n
R e s in
H e a t o f  S w e l l in g  T o t a l  H eat*  N et H e a t* *
in  h  0  in  0 . 1 N  N a C l  o f  E x c h a n g e  o f  E x c h a n g e2             ....... . .............
- 8 . 6 9  8 . 6 2
1 5  - 8 . 3 4  8 . 7 3  1 6 . 9 7
- 8 . 3 6  8 , 5 5
- 8 . 1 9  8 , 4 2
- 4 , 8 0  - 5 , 2 7  1 5 . 8 4
N 9 - 4 , 7 8  - 5 , 3 1  1 5 , 9 7  2 1 , 1 1
- 4 . 7 7  - 5 . 2 3  1 5 . 8 4
- 4 . 8 9  - 5 . 2 7  1 5 . 6 8
- 4 , 3 7  1 2 . 4 6
I@  —4 . 4 2  1 2 . 2 1  1 6 . 5 9
- 4 . 3 8  1 2 , 1 3
- 4 . 3 5  1 2 , 0 3
0 . 7 5  1 7 . 6 6
1 1 2  1 7 . 5 4  1 7 , 1 4
0 . 4 2  1 7 . 9 5
0 . 3 3  - 0 . 8 9  1 6 . 2 6
HL2 1 6 . 4 3  1 7 . 3 5
1 6 . 5 1
1 6 . 6 4
1 2 . 1 6  1 1 . 4 1  2 6 * 3 3
N 39  1 1 . 9 5  1 1 . 5 8  2 5 . 9 6  1 4 . 8 8
1 2 . 1 2  1 1 . 5 8  2 6 . 5 8
1 1 . 7 9  1 1 . 5 4  2 6 . 7 1
1 3 . 0 0  1 1 . 5 0  2 6 . 6 3
N 67 1 3 , 0 8  1 1 . 6 6  2 7 , 1 3  1 5 . 2 6
1 1 , 7 9  2 7 . 0 0
1 1 . 6 2  2 6 . 8 4
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T A B L E  1 8
H e a ts  o f  E x c h a n g e  f o r  C h lo r S d e -O x a la te  S y s t e m s .
V a lu e s  in  jo u le s / e q u iv 0
m N 8 N 12 N 39 N 67
A h
e q .
9 3 1 0
0 ( 2 5 - 4 5 ° C )  
1 8 0 0 0 ( 4 5 - 6 5 ° C )
9 8 2 0 7 3 4 0 5 5 3 0
A H
e m p .
6 7 7 0 7 5 9 0 7 6 3 0 5 2 5 0 4 6 9 0
Aft,t a n 6 6 3 0 7 4 7 0 4 0 7 0 4 3 6 0
•a
<3 7 3 2 0 6 9 1 0 7 1 9 0 4 8 9 0 4 4 1 0
T A B L E  1 9
H e a ts  o f  E x c h a n g e  f o r  C h lo r id e - S u lp h a t e  S y s te m s .
V a lu e s  in  jo u le s / e q u iv ,
1 5 N 9 1 9  1 1 2 N 12 N 39 N 67
A H *
e q .
7 5 0 0 6 3 8 0 7 5 9 0  2 4 3 0 6 4 2 0 5 2 4 0 6 0 8 0
A H  ,c a l .
6 5 7 0 6 6 5 0 6 4 6 0  5 9 0 0 7 0 5 0 4 8 4 0 5 1 4 0
*  In  t h i s  c a s e  A  H r e f e r s  to  d a ta  f r o m  th e  b e s t  s t r a ig h t  l in e
e q .
th ro u g h  th e  l i n e a r  p o r t io n  o f  th e  s e l e c t i v i t y  p lo t .
T h e  c a l o r i m e t r i c  r e s u l t s  a r e  p r e s e n t e d  in  T a b le s  1 4  -  1 9 ,  T h e  
a c c u r a c y  an d  r e p r o d u c ib i l i t y  o f  th e  r e a c t i o n  c a lo r i m e t e r  an d  i t s  a s s o c ia t e d  
c i r c u i t r y  w a s  d e m o n s t r a te d  u s in g  th e  h e a t  o f  s o lu t io n  o f  T H IS in  O.XOM  
H C1 a t  2 5 ° C  a s  a  s t a n d a r d .  T h e  r e s u l t s  a r e  p r e s e n t e d  in  d e t a i l  in  T a b le  
1 4 .  O n ly  c a lo r i m e t e r  n u m b e r  2  w a s  u s e d  f o r  s u b s e q u e n t m e a s u r e m e n t s  
w it h  io n  e x c h a n g e  r e s i n s .  F o r  e a c h  e x p e r im e n t  th e  v a l u e s  o f  a  w e r e  
a v e r a g e d  in  w o rk in g  o u t v a l u e s  f o r  A H ,  w h ic h  w a s  fo u n d  t o  b e  2 9 , 9 0 3  an d  
2 9 , 7 6 4  jo u le s / m o le .  T h e  l a t e s t  a c c e p te d  v a lu e  f o r  th e  TR IE  s ta n d a r d  
i s  A H  = 2 9 , 7 2 0  1 4  jo u le s / m o le .  T h u s  v e r y  g o o d  a g r e e m e n t  ( 1 1% ) 
h a s  b e e n  o b ta in e d  o n  th e  r e l a t i v e l y  s im p le  e q u ip m e n t d e s c r ib e d  in  s e c t io n  3 : 5 .
F r o m  th e  v a lu e s  f o r  th e  h e a t s  o f  s w e l l in g  g iv e n  in  T a b le s  1 5  an d  1 6  
i t  i s  e v id e n t  th a t  t h e r e  i s  a  r e la t io n s h ip  b e tw e e n  th e  a m o u n t o f  c r o s s l in k in g  
in  a  r e s i n  in  th e  c h lo r id e  f o r m  an d  th e  h e a t  e f f e c t  w h e n  i t  i s  a l lo w e d  to  s w e l l  
in  e i t h e r  w a t e r  o r  a  0 . 1 N  s o lu t io n  o f  s o d iu m  c h lo r i d e .  T h e  h e a t s  o f  
s w e l l in g  a r e  e x o t h e r m ic  f o r  r e s i n s  w i th  h ig h  c r o s s l in k in g  an d  e n d o th e r m ic  
f o r  r e s i n s  w ith  lo w  c r o s s l in k in g  ( F ig s .  4 3  -  4 5 ) .  F o r  r e s i n s  o f  in t e r m e d ia t e  
c r o s s l in k in g  (X1 2  a n d  N 12 )  t h e r e  i s  p r a c t i c a l l y  n o  o v e r a l l  h e a t  e f f e c t  b u t  f r o m  
th e  e x p e r im e n t a l  o b s e r v a t io n s  i t  i s  c l e a r  t h a t  tw o  p r o c e s s e s  a r e  ta k in g  p la c e .
W h e n  th e  d r y  r e s i n  i s  in t ro d u c e d  to  a n  a q u e o u s  e l e c t r o l y t e  p h a s e  th e  
w a t e r  m o le c u le s  p e n e t r a t e  th e  r e s i n  m a t r i x  a n d  s o lv a t e  b o th  th e  f ix e d  an d  c o u n te r  
io n s ,  th e  p r o c e s s  b e in g  e x o t h e r m ic .  A s  m o r e  w a t e r  m o le c u le s  e n t e r  th e  
r e s i n  m a t r i x  th e  in t e r n a l  o r  g e l  e l e c t r o l y t e  i s  d i lu te d  an d  th e  r e s i n  i s  f o r c e d  to  
e x p a n d . W o r k  i s  b e in g  d o n e  a g a in s t  th e  c o n t r a c t in g  f o r c e s  o f  th e  r e s i n  m a t r i x  
a n d  h e n c e  th e  p r o c e s s  i s  e n d o th e r m ic .  W h i le  F ig .  4 3  in d ic a te s  t h a t  t h e r e  
i s  a n  e x o th e r m ic  p r o c e s s  o c c u r r i n g  an d  F ig .  4 5  in d ic a te s  t h a t  t h e r e  i s  a l s o  a n  
e n d o th e r m ic  p r o c e s s  in v o lv e d  in  th e  s w e l l in g  o f  io n  e x c h a n g e  g e ls ,  F ig ,  4 4  s h o w s  
t h a t  f o r  a  r e s i n  o f  in t e r m e d ia te  c r o s s l in k in g  i t  i s  p o s s ib le  to  o b s e r v e  b o th  t h e s e  
p r o c e s s e s  a t  o n c e .  T h u s  f o r  a  r e s i n  w h ic h  i s  s t r o n g ly  c r o s s l in k e d  (N9) 
l i t t l e  s w e l l in g  o c c u r s ;  th e  h e a t  e f f e c t  o b s e r v e d  b e in g  e x o t h e r m ic  an d  d u e  m a in ly  
t o  th e  h e a t  o f  h y d r a t io n  o f  th e  io n ic  s p e c ie s  in  th e  r e s i n .  F o r  a  l i g h t ly  
c r o s s l in k e d  r e s i n  (N 39) h o w e v e r ,  w h e r e  th e  m a t r i x  esqpands c o n s id e r a b ly  w h e n
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th e  d r y  r e s i n  i s  in t ro d u c e d  t o  a n  a q u e o u s  p h a s e ,  th e  e n d o th e r m ic  c o n t r ib u t io n  
d u e  t o  th e  s w e l l in g  f o r c e s  m o r e  t h a n  c o m p e n s a t e s  f o r  th e  e x o th e r m ic  r e a c t io n ,  
a n d  th u s  th e  o v e r a l l  p r o c e s s  i s  e n d o th e r m ic .
A l l  th e  e x c h a n g e  p r o c e s s e s  w h ic h  h a v e  b e e n  o b s e r v e d  a r e  e n d o th e r m ic  
r e g a r d l e s s  o f  th e  ty p e  o f  r e s i n .  T a b le s  1 8  a n d  1 9  sh o w  t h a t  a s  th e  a m o u n t  
o f  c r o s s l in k in g  in  th e  r e s i n  i s  d e c r e a s e d  so  th e  e n th a lp y  o f  th o  e x c h a n g e  r e a c t i o n  
i s  d e c r e a s e d .  F u r t h e r  i t  i s  i n t e r e s t in g  to  n o te  th a t  th e  i s o p o r o u s  r e s i n s  
f o r  o x a la t e  o r  s u lp h a te  e x c h a n g e  e x h ib i t  a  lo w e r  e n th a lp y  o f  r e a c t i o n  th a n  
r e s i n s  o f  s i m i l a r  c r o s s l in ld n g  b u t  o f  th e  s t y r e n e - d iv in y lb e n z e n e - c r o s s l in k e d  
t y p e .  T h is  m u s t  b e  e v id e n c e  o f  a  m o r e  r e g u la r  s t r u c t u r e  in  th e  f o r m e r  
an d  s u p p o r t s  th e  id e a  m e n tio n e d  a b o v e  t h a t  in  th e  c a s e  o f  i s o p o r o u s  r e s i n s  
th e  b i v a le n t  io n s  h a v e  t o  w a r p  th e  m a t r i x  l e s s  t o  b e c o m e  a s s o c ia t e d  w ith  tw o  s i t e s .
R e s in  N 67  f o r  c h lo r id e - s u lp h a t e  e x c h a n g e  b e h a v e d  a n o m a lo u s ly .  T h e  
r e s i n  w a s  r e g e n e r a t e d  a f t e r  th e  c h lo r id e - o x a la t e  e x c h a n g e  w o r k  an d  a t  t h i s  s ta g e  
i t  w a s  n o te d  th a t  t h e r e  w a s  s o m e  b io lo g ic a l  a c t i v i t y  in  th e  r e s i n .  O n r e g e n e r a t io n  
th e  r e s i n  b e c a m e  m u c h  d a r k e r  in  c o l o u r .  C a p a c i t y  m e a s u r e m e n t s  in d ic a te d  
th a t  th e  r e s i n  w a s  u n a l t e r e d  b u t  w h e n  c h e c k e d  i t  w a s  fo u n d  t h a t  th e  w a t e r - r e g a i n  
v a lu e  h a d  f a l l e n  to  5 . 4 5 .  It m a y  b e  c o n c lu d e d  th a t  w h i le  s o m e  fo u lin g  o f  th e  
r e s i n  h a d  ta k e n  p la c e  th e  f r e e  d i f fu s io n  o f  io n s  w a s  n o t im p a ir e d ,  p o s s ib ly  d u e  
to  th e  e x t r e m e ly  o p e n  s t r u c t u r e  o f  th e  r e s i n  in  i t s  i n i t i a l  s t a t e .
A s  w ith  th e  f r e e  e n e r g y  v a l u e s  a  r e la t io n s h ip  h a s  b e e n  e s t a b l i s h e d  b e tw e e n  
s e l e c t i v i t y  an d  th e  e n th a lp y  o f  e x c h a n g e . T a b le  1 7  s h o w s  th a t  a s  th e  w a t e r -  
r e g a in  v a lu e s  o f  th e  r e s i n s  i n c r e a s e  th e  p e r c e n ta g e  o f  th e  e x c h a n g e  g r o u p s  in  th e  
r e s i n  w h ic h  u n d e rg o  r e a c t i o n  i n c r e a s e s  f r o m  85%  to  90%  f o r  b o th  o x a la te  an d  
s u lp h a te  e x c h a n g e  w ith  c h lo r id e  f o r m  r e s i n .  A t  th e  s a m e  t im e  th e  s ta n d a r d  
e n th a lp y  o f  r e a c t i o n  d e c r e a s e s  f r o m  7 0 0 0  jo u le s / e q u iv a le n t  to  a p p r o x im a te ly  
4 5 0 0  jo u le s / e q u iv a le n t .  It i s  im p o r ta n t  to  n o te  th a t  th e  e n th a lp y  o f  a  r e a c t io n  
n e v e r  d e c id e s  w h e th e r  o r  n o t t h a t  r e a c t i o n  w i l l  t a k e  p la c e ,  b u t  r a t h e r  th e  
c o m b in a t io n  o f  th e  f r e e  e n e r g y  an d  e n th a lp y  c h a n g e s  a s  r e l a t e d  b y  th e  e q u a t io n :
AG° - *  «.„o _  . oA H  - T A B .  .  .  4 : 4 : 1
4 : 5  T h e  in c r e a s e  in  e n t r o p y  o c c u r r in g  d u r in g  a n  io n  e x c h a n g e  r e a c t i o n
a r i s e s  in  th e  m a in  f r o m  th e  e n t r o p y  o f  m ix in g .  In  a d d it io n  i t  in c lu d e s
t h e  c o n f ig u r a t io n a l  e n t r o p y  c h a n g e  o f  th e  m a t r i x  an d  c o n t r ib u t io n s  f r o m
c h a n g e s  in  th e  s t a t e  o f  o r d e r  o f  s o lv e n t  m o le c u le s  r e s u l t i n g  f r o m  th e  b r e a k in g
u p  a n d  th e  f o r m a t io n  o f  n e w  s o lv a t io n  s h e l l s  a s  e x c h a n g e  t a k e s  p la c e .  T h e
e n t r o p y  c h a n g e  a s s o c ia t e d  w i t h  m ix in g  o c c u r s  w h e n  th e  e x c h a n g e r  in  th e
c h lo r id e  f o r m  i s  a l lo w e d  to  m ix  w i t h  a  s o lu t io n  o f  c h lo r id e  an d  o x a la te  io n s .
T h e  c o n f ig u r a t io n a l  e n t r o p y  c h a n g e  th e n  a r i s e s  w h e n  tw o  c h lo r id e  io n s  in  th e
2_
m a t r i x  a r e  r e p la c e d  b y  o n e  B  io n .  T h e r e  w i l l  a s  a  r e s u l t  b e  a  c h a n g e
2-
in  th e  a m o u n t o f  s o lv a t io n  a ro u n d  th e  c h lo r id e  an d  B  io n s  in v o lv e d ,  c a u s in g  
a  f u r t h e r  e n t r o p y  c h a n g e .  F u r t h e r ,  t h i s  s o lv a t io n  c h a n g e  m a y  c a u s e  th e  
e x c h a n g e r  to  e x p a n d  o r  c o n t r a c t  r e s u l t i n g  in  a d d it io n a l c h a n g e s  t o  th e  o r d e r  
o f  th e  s y s t e m .
U s in g  th e  v a l u e s  o f  A G  c a lc u la t e d  f r o m  th e  th e r m o d y n a m ic  e q u i l ib r iu m  
c o n s ta n t  a t  2 5 ° C  (in  t u r n  d e r i v e d  f r o m  e q u a t io n  2 ;4 :X )  an d  th e  v a l u e s  o f  A H  
o b ta in e d  f r o m  e a lo r i m e t r i c  m e a s u r e m e n t s  o f  th e  h e a ts  o f  e x c h a n g e , v a l u e s  o f  
j & S °  h a v e  b e e n  o b ta in e d  an d  a r e  p r e s e n t e d  in  T a b le  1 7 .  H o w e v e r  d u e  
t o  th e  m a n y  c o n t r ib u t io n s  to  th e  o v e r a l l  e n t r o p y  c h a n g e  o c c u r r in g  d u r in g  a n  
io n  e x c h a n g e  p r o c e s s ,  th e  in t e r p r e t a t io n  o f  th e  f i g u r e s  w o u ld  b e  s o m e w h a t  
s p e c u la t i v e .
4 : 6  I t e r a t io n  P r o c e d u r e s  D u r in g  th e  c o u r s e  o f  th e  c a lc u la t io n s  m e n tio n e d  
in  s e c t io n  4 : 3 ,  d i f f e r e n t  m e th o d s  h a v e  b e e n  a d o p te d  to  t r e a t  th e  e x p e r im e n t a l  
d a t a .  T h e  in t ro d u c t io n  o f  th e  e m p i r i c a l  c o r r e c t io n  t e r n ^ f o r  e x a m p le ,  m a d e  a  
l a r g e  d i f f e r e n c e  to  th e  v a l u e s  o f  an d  oo , o b ta in e d  f o r  th e  e x c h a n g e  p r o c e s s e s .
I t i s  t h e r e f o r e  n e c e s s a r y  to  h a v e  s o m e  ju s t i f i c a t io n  f o r  th e  c h a n g e s  w h ic h  h a v e  
b e e n  m ad©  to  th e  p u r e ly  t h e o r e t i c a l  c o n s id e r a t io n s  w h ic h  w e r e  d e v e lo p e d  in  th e  
t h e o r e t i c a l  s e c t io n  o f  t h i s  w o r k .  T h is  ju s t i f i c a t io n  m a y  b e  o b ta in e d  b y  s h o w in g  
t h a t  i t  i s  p o s s ib le  to  u s e  th e  v a l u e s  o f  an d  w o b ta in e d  t o  p lo t  th e  i s o t h e r m  f r o m  
w h ic h  t h e s e  v a l u e s  o r ig in a t e d .  T h is  h a s  b e e n  d o n e  f o r  b o th  th e  v a l u e s  o f  an d  u> 
d e r i v e d  b y  d ra w in g  th e  b e s t  s t r a i g h t  l in e  th ro u g h  th e  s e l e c t i v i t y  p lo t  an d  a l s o  
f o r  th e  s a m e  d a ta  d e r i v e d  f r o m  th e  in t r o d u c t io n  o f  th e  e m p i r i c a l  c o r r e c t io n .
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T h e  m e th o d  i n v o lv e s  a n  i t e r a t i v e  p r o c e d u r e ,  3f a  v a lu e  o f  x ^  i s  s u b s t itu te d  
in to  th e  e x p r e s s i o n : -
( i  -  x ^ ) ,  a n  a p p r o x im a te  v a lu e  f o r  x ^ /  m a y  b e  o b ta in e d . B y  s o lv in g
th e  q u a d r a t ic  e q u a t io n  a n  a p p r o x im a te  v a lu e  o f  x ^  m a y  b e  fo u n d . T h e
p r o c e s s  i s  th e n  r e p e a t e d  s u b s t itu t in g  (1 -  x . )  = x~  in  th e  l a s t  t e r m
xi a p p r o x .  b
o f  th e  a b o v e  e q u a t io n  u n t i l  a  c o n s ta n t  v a lu e  o f  x ^  i s  o b ta in e d . A  b lo c k
d ia g r a m  o f  th e  c o m p le te  p r o c e d u r e  i s  g iv e n  in  F ig *  4 8 .  S o m e  o f  th e  r e s u l t s  
u s in g  ’u n c o r r e c t e d 1 (o b ta in e d  w ith o u t  th e  u s e  o f  th e  e m p i r i c a l  c o r r e c t io n  f a c t o r )  
v a l u e s  f o r  an d  to a r e  p lo t te d  in  F i g s ,  4 9 -  5 2 .  C o m p a r is o n  w ith  
F i g s .  1 2 ,  1 3 ,  1 8  an d  1 7  r e s p e c t i v e l y ,  in d ic a te  th a t  th e  c a lc u la te d  i s o t h e r m s  
a r e  id e n t ic a l  w i th  th o s e  d e r i v e d  b y  e x p e r im e n t .  T h u s  i t  a p p e a r s  t h a t  th e  
v a l u e s  o f  K^, an d  w w h ic h  h a v e  b e e n  c a lc u la te d ,  d e s c r ib e  th e  s y s t e m s  t o  w h ic h  
t h e y  a r e  r e l a t e d  e x t r e m e ly  w e l l .
4 : 7  G e n e r a l  D is c u s s io n .  I t w o u ld  a p p e a r  th a t  in  th e  tw o  s y s t e m s  w h ic h
h a v e  b e e n  s tu d ie d  t h e r e  i s  a  r e la t io n s h ip  b e tw e e n  th e  w a t e r - r e g a i n  v a lu e  f o r  a  r e s i n
an d  th e  s e l e c t i v e  u p ta k e  b y  t h a t  r e s i n  o f  th e  b iv a le n t  s p e c ie s  p r e s e n t  .  ( F ig s .  1 2 ,  1 3 ,
1 6 ,  1 8 , )  A lth o u g h  t h i s  t r e n d  i s  q u i te  a p p a r e n t  w h e n  c o m p a r in g  th e  r e l e v a n t
i s o t h e r m s  i t  i s  v e r y  d i f f i c u l t  to  s a y  w i th  a n y  c e r t a i n t y  w h y  s u c h  a  t r e n d  o c c u r s .
2—
T h e  v a lu e  o f  u> th e  a d d it io n a l i n t e r a c t io n  e n e r g y  w h e n  tw o  B  io n s  a r e  p la c e d  
o n  a d ja c e n t  s i t e s  s h o u ld  p r o v id e  s o m e  in d ic a t io n  a s  to  w h e th e r  th e  e f f e c t  i s  s t e r i c  
o r  e l e c t r o s t a t i c .  I n s p e c t io n  o f  t a b l e s  2 , 3 ,  4 ,  5 ,  an d  6  h o w e v e r  in d ic a te s  t h a t  
w h i le  w a p p e a r s  to  p a s s  th ro u g h  a  m in im u m  f o r  r e s i n  HL2 (T a b le  2 )  w i th  c h lo r i d e -  
o x a la t e  e x c h a n g e , t h e r e  i s  no  r e a l  e v id e n c e ,  in  th e  l ig h t  o f  w h a t  h a s  a l r e a d y  b e e n  
s a id  a b o u t th e  r e l i a b i l i t y  o f  th e  w v a l u e s ,  f o r  a  s i m i l a r  m in im u m  w ith  c h lo r i d e -  
s u lp h a te  e x c h a n g e .  F u r t h e r ,  i f  w i s  th e  c o n t r o l l in g  f a c t o r  th e n  i t  m ig h t  b e  
e x p e c te d  th a t  f o r  c h lo r id e - o x a la t e  e x c h a n g e  r e s i n  NX2 w o u ld  s h o w  th e  g r e a t e s t  
s e l e c t i v i t y  f o r  o x a la t e ,  b u t  t h i s  h a s  n o t  b e e n  fo u n d  to  b e  th e  c a s e  ( F ig .  1 2 ) .  It  
t h e r e f o r e  s e e m s  th a t  A  G i s  th e  p r im e  f a c t o r  in  d e te r m in in g  s e l e c t i v i t y ,  b u t,
a n d  i f  a s  a  f i r s t  s ta g e  a p p r o x im  ‘ ' * th e  l a s t  t e r m  i s  p u t  e q u a l to
a s  in d ic a te d  b y  B a r r e r  a n d  F a lc o n e r  (3 0 ) , d e t e r m in e s  th e  d e g r e e  o f
a s y m m e t r y  o f  th e  i s o t h e r m  a n d  h e n c e  v a r i a t i o n s  in  s e l e c t i v i t y  a lo n g  th e
i s o t h e r m .  T h e  o b s e r v e d  t e m p e r a t u r e  e f f e c t  w i th  th e  b i v a le n t  io n  b e in g
f a v o u r e d  a t  e le v a t e d  t e m p e r a t u r e s  i s  th e n  a  d i r e c t  r e s u l t  o f  th e  e x c h a n g e
p r o c e s s e s ,  in v o lv in g  t h e  r e p la c e m e n t  o f  c h lo r id e  io n s  b y  b i v a le n t  o x y  a n io n s ,
2-
b e in g  e n d o th e r m ic .  T h u s  th e  r e s i n  in  th e  B  f o r m  i s  in  a  h ig h e r  e n e r g y  
s t a t e  th a n  w h e n  i t  i s  in  th e  c h lo r id e  f o r m *
T h e  r e a s o n  w h y  th e  e m p i r i c a l  c o r r e c t i o n  m a y  b e  s a t i s f a c t o r i l y  a p p lie d  
to  th e  c h lo r id e - o x a la t e  s y s t e m ,  b u t  n o t  to  th e  c h lo r id e - s u lp h a t e  s y s t e m ,  i s  
p r o b a b ly  d u e  to  s t e r i c  e f f e c t s .  T h e s e  m ig h t  b e  c o n s id e r e d  m o r e  im p o r ta n t  
w ith  th e  o x a la te  io n , w h e r e  th e  n e g a t iv e  c h a r g e s  a r e  p r e s u m a b ly  lo c a te d  o n  
th e  tw o  c a r b o x y l  g ro u p s ,  th a n  w i t h  th e  s u lp h a te  io n  w h e r e ,  b e c a u s e  o f  r e s o n a n c e  
e f f e c t s ,  th e  n e g a t iv e  c h a r g e s  a r e  e f f e c t i v e l y  d e lc c a l i z e d  o v e r  a l l  f o u r  o x y g e n  a t o m s .  
T h e  s u lp h a te  io n  w i l l  t h e r e f o r e  h a v e  a  g r e a t e r  f r e e d o m  in  b r in g in g  i t s  n e g a t iv e  
c h a r g e s  a d ja c e n t  to  f ix e d  c h a r g e d  g r o u p s .  I f  t h i s  i s  in  f a c t  th e  c a s e  th e n  th e  
m a lo n a te  io n  w o u ld  b e  e x p e c te d  to  b e h a v e  s i m i l a r l y  t o  th e  o x a la t e  io n .  B  
w o u ld  b e  in t e r e s t in g  t h e r e f o r e  to  e x te n d  t h i s  w o r k  to  a  s tu d y  o f  c h lo r id e - m a lo n a t e  
s y s t e m s  a n d  p o s s ib ly  t o  a  s tu d y  o f  th e  e x c h a n g e  o f  c h lo r id e  io n s  w i th  v a r i o u s  
p h th a la te  io n s .
T h e  m a jo r  p o in t  w h ic h  h a s  n o t  b e e n  in v e s t ig a te d  i s  h y d r a t io n  an d  t h i s  
m ig h t  w e l l  e x p la in  s o m e  o f  th e  r e s u l t s  w h ic h  h a v e  b e e n  o b s e r v e d .  A ls o  i t  
w o u ld  b e  in t e r e s t in g  t o  a s c e r t a in  w h e th e r  o r  n o t  th e  h e a t  c h a n g e s  m e a s u r e d  
o n  e x c h a n g e  a r e  in  f a c t  r e v e r s i b l e *  I f i t  w a s  fo u n d  th a t  w h e n  c h lo r id e  io n s  
e x c h a n g e d  w i th  a  r e s i n  in  th e  s u lp h a te  o r  o x a la t e  f o r m  th e  e x c h a n g e  w a s  a g a in  
e n d o th e r m ic ,  th e n  i t  w o u ld  b e  p o s s ib le  to  e x a m in e  in  m o r e  d e t a i l  th e  e n e r g y  
c h a n g e s  w h ic h  ta k e  p la c e  a s  io n s  d i f fu s e  th ro u g h  th e  r e s i n  m a t r i x .  A ls o  i t  
c o u ld  b e  d e te r m in e d  w h e th e r  o r  n o t  i t  w a s  th e  s i z e  o f  th e  p o r e s  in  th e  m a t r i x  
w h ic h  w e r e  r e s p o n s ib le  f o r  th e  lo w e r  e n th a lp y  o f  r e a c t i o n  in  th e  c a s e  o f  th e  
l i g h t e r  c r o s s l in k e d  r e s i n s  o r  th e  e n v ir o n m e n t  o f  th e  fu se d  io n o g e n ic  g r o u p s .
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S E C T I O N  5
A P P E N D IX  1
«  1 2 7  -  
T A B L E  2 0  
R e a c t a n t s  f o r  p o ly m e r  p r e p a r a t io n .
% D .V ,B „ S t y r e n e D iv in y lb e n z e n e  
(54%  s o lu tio n )
C a t a ly s t  
(b e n z o y l p e r o x id e )
5 o0 6 3 0 m l , 5 8 m l . 6 . 2 g .
1 . 5 6 3 0 m l . 1 7 . 5 m l . 5 , 9 g ,
1.0 6 3 0 m l , 11 , 6 m l , 5 , 8 g ,
0 . 5 6 3 0 m l , 5 , 8 m l , 5 , 8 g ,
T A B L E  2 1
C h a r a c t e r i s t i c s  o f  th e  la b o r a t o r y  p r e p a r e d
a n io n  e x c h a n g e  r e s i n s
R e s in % D ,V .B . C h lo r o m e th y la t io n  
t i m e  (h o u rs )
W a t e r
R e g a in
C a p a c it y
m g .e q u iv ,
cr/g.
N D B 1 5 . 0 2 0 . 9 5 2 . 2 9
N B B 2 5 , 0 3 1 . 0 4 2 , 7 7
N B B 3 5 . 0 4 1,22 2 . 6 4
N O B 4 5 . 0 5 1 * 2 5 3 . 0 3
N D B 5 1 , 5 2 4 . 0 7 3 . 4 8
N D B6 1 . 5 3 4 . 1 7 3 . 6 1
N D B 7 1 . 5 4 4 . 1 8 3 . 6 1
N D B 8 1 , 5 5 4 . 1 6 3 . 4 3
N D B 9 1 , 5 6 4 , 1 5 3 , 7 9
N D B 10 1,0 1 . 2 5 6 . 7 8 3 . 5 4
N B B l l 1.0 2 6 . 7 5 3 . 5 1
N D B 12 1,0 2 . 7 5 6 , 5 0 3 . 6 5
N D B 13 1.0 3 . 7 5 6 , 5 1 3 , 9 2
N D B 14 1,0 5 5 . 4 9 3 . 6 3
N D B 15 1 . 5 3 2 . 8 0 4 , 0 9
N D B 16 1 . 5 4 . 5 2 . 2 8 3 , 8 3
N B B 17 1 . 5 6 1 . 9 0 3 . 9 3
N B B 18 0 . 5 2 1 4 . 8 5 4 . 1 4
N D B 19 0 . 5 2 . 5 1 4 . 3 8 4 . 2 4
N B B 20 0 . 5 3 1 4 , 0 5 4 . 2 5
N D B 21 0 . 5 3 . 2 5 1 2 . 9 1 4 , 1 9
N B B 22 0 . 5 ■ 4 1 2 . 5 3 4 . 1 5
N B B 23 0 . 5 5 1 2 . 1 9 4 . 0 5
T A B LE  22
C h a r a c t e r i s t i c s  o f  th e  io n - e x c h a n g e  r e s i n s  u s e d  to  
d e te r m in e  th e  c h lo r id e - o x a la t e  i s o t h e r m s .
R e s in W e ig h t  c a p a c i t y  
m g .e q u i v .c r ~  / g .
V o lu m e  c a p a c i ty  
e q u iv ,  A .
W a t e r  R e g a in  • 
V a lu e  R a t io
N 9 4 , 2 6 0 1 , 5 5 0,88 0,21
N8 3 . 3 0 6 1 , 2 6 0 , 8 1 0 . 2 4
N 12 3 . 0 5 5 0 . 9 4 1 , 1 9 0 . 3 9
N 19 3 . 6 4 4 0 , 8 1 ' 1 . 9 4 0 , 5 3
N 28 4 . 2 3 4 0 , 7 2 2 . 7 7 0 , 6 5
N 39 3 , 9 8 4 0 . 5 1 3 . 9 4 0 . 9 9
NQO 3 , 9 7 9 0 . 3 5 5 . 9 7 1 , 5 0
N 67 3 . 6 5 5 0 , 2 9 6 . 7 4 1 . 8 4
N 1 1 3 4 . 3 7 9 0.22 1 1 . 2 9 2 , 5 8
T A B L E 2 3
C h a r a c t e r i s t i c s  o f  th e  io n - e x c h a n g e  r e s i n s  a s  u s e d  to
d e te r m in e  th e  h e a t s  o f  c h lo r id e - o x a la t e  e x c h a n g e
R e s i n  W e ig h t  c a p a c i ty  
m g . e q u iv .  c r / g .
V o lu m e  c a p a c i ty
e q u iv .  A.
W a t e r  r e g a in  
V a lu e  R a t io
N 9 3 . 7 7 6 1 . 4 3 0 , 8 2 0,22
N 8 3 , 3 0 6 1 . 2 6 0 . 8 1 0 , 2 4
N 1 2  2 . 7 5 8 0,86 1 . 1 6 0 , 4 2
N 39  3 . 4 2 7 0 , 4 4 3 . 8 6 1 . 1 3
N 67 3 , 3 0 8 0 . 2 7 6 , 4 8 1 . 9 6
N 9 an d  N 19  a r e  D e a c id i te  F F  r e s i n s  
N 8 i s  I s o p o r  D e a c id i te  r e s i n
W e ig h t  c a p a c i t i e s  o f  r e s i n s  d e te r m in e d  b y  m e th o d s  a) b )  an d  c L
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T A B LE  24
M eth o d N 9 N 8 N 12 N 39 N 67
a 3 . 7 7 6 3 . 3 0 6 2 . 7 5 8 3 , 4 2 7 3 , 3 0 8
b 3 . 7 9 9 - 2 . 7 7 1 3 . 4 4 3 3 . 3 1 0
c 3 . 6 9 6 2 , 7 7 1 3 . 4 3 1 3 , 3 0 1
S t r o n g  b a s e  
c a p a c i ty
3 . 6 5 4 2 . 7 7 9 3 . 4 3 5 3 . 3 0 3
A v e r a g e 3 , 7 3 1 3 . 3 0 6 2 , 7 7 0 3 . 4 3 4 3 . 3 0 6
T A B L E  2 5
C h a r a c t e r i s t i c s  o f  th e  io n - e x c h a n g e  r e s i n s  a s  u s e d  
f o r  a l l  c h lo r id e - s u lp h a t e  e x c h a n g e  w o r k ,
R e s i n  W e ig h t  c a p a c i t y  V o lu m e  c a p a c i t y  W a t e r  R e g a in
m g ,e q u iv .C l~ / g .  e q u i v . / l ,  V a lu e  R a t io
1 5 3 . 0 2 3 1 . 4 4 0 . 4 9 0 . 1 6
1 9 2 . 9 6 0 1 , 0 9 0,86 0 . 2 9
112 3 . 3 0 1 1.00 1.21 0 . 3 8
N 9 3 . 7 3 1 1 . 4 1 0 . 8 2 0.22
N 1 2 2 . 7 7 0 0,86 1 . 1 6 0 , 4 2
N 39 3 . 4 3 4 0 . 4 5 3 . 8 6 1 , 1 3
N S 7 3 . 3 0 6 0 . 3 2 5 . 4 5 1 . 6 5
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T a b le s  2 0  an d  2 1  g iv e  th e  e s s e n t i a l  d a ta  r e l a t e d  to  th e  p r e p a r a t io n  
an d  c h a r a c t e r i s t i c s  o f  th e  r e s i n s  m a d e  in  th e  l a b o r a t o r y .  A l l  w e r e  
c o n d it io n e d  a s  d e s c r ib e d  in  S e c t io n  3 : 1  a n d  th e n  a i r  d r i e d .  T h e  w a t e r  
r e g a in  v a l u e s  w e r e  d e te r m in e d  a s  d e s c r ib e d  in  S e c t io n  3 :2  an d  th e  c a p a c i t i e s  
d e te r m in e d  b y  m e th o d  (a) g iv e n  in  th e  s a m e  s e c t io n .  A s  no  a t te m p t  w a s  
m a d e  a t  t h i s  s ta g e  t o  d r y  th e  r e s i n s  u n i f o r m ly ,  th e  v a lu e s  o b ta in e d  f o r  th e  
w e ig h t  c a p a c i t i e s  m a y  b e  r e g a r d e d  a s  a p p ro x im a te *
S ix  o f  th e  r e s i n s  v i z :  N B B  4 ,  9 ,  1 1 ,  1 4 ,  1 5  an d  2 3 ,  l i s t e d  in  
T a b le  2 1 ,  w e r e  c h o s e n  f o r  d e te r m in in g  i s o t h e r m s  b y  th e  e q u i l ib r iu m  m e th o d .  
T h e  g ra p h  o f  c b lo r o m e th y la t io n  t im e  v e r s u s  w a t e r  r e g a in  (F ig  4  ) in d ic a te s  
t h a t  n o t  a l l  o f  th e s e  r e s i n s  w e r e  c h lo r o m e th y la te d  f o r  th e  o p t im u m  a m o u n t  
o f  t im e *  H o w e v e r  i t  w a s  f e l t  t h a t  th e  g r a d ie n ts ,  in d ic a t in g  th e  d e g r e e  o f  
a d d it io n a l c r o s s l in k in g  w e r e  s o  s m a l l  th a t  i t  w o u ld  b e  m o s t  a d v a n ta g e o u s  
t o  c h o o s e  r e s i n s  w ith  a  w e l l  d is t r ib u t e d  r a n g e  o f  w a t e r  r e g a in  v a l u e s .  T h e s e  
r e s i n s  w e r e  s u p p le m e n te d  b y  tw o  D e a c id i te  F F  r e s i n s ,  N 9 a n d  N 19  (T a b le  2 2 )  
a n d  a n  i s o p o r o u s  D e a c id i te  F F  r e s i n  N 8 ,
A t  t h i s  s ta g e  a l l  th e  r e s i n s  w e r e  c o n d it io n e d  f u r t h e r  to  e n s u r e  
t h a t  th e  c a p a c i t i e s  an d  w a t e r  r e g a in  v a l u e s  w o u ld  r e m a in  s ta b le  i f  i t  b e c a m e  
n e c e s s a r y  to  r e g e n e r a t e  t h e m . E a c h  r e s i n  w a s  b a c k w a s h e d  a n d  th e n  c y c le d  
b y  t r e a t i n g  w ith  e x c e s s  2N  s o d iu m  h y d r o x id e  fo l lo w e d  b y  2N  h y d r o c h lo r ic  a c id .  
T h e  r e s i n  w a s  w a s h e d  f r e e  o f  c h lo r id e  io n  w i th  d e io n iz e d  w a t e r  an d  d r ie d  in  
a n  o v e n  a t  6 0 ° G  o v e r n ig h t .  T h e  w a t e r  r e g a in  an d  c a p a c i t y  v a lu e s  w e r e  
r e d e t e r m in e d .  T h e  r e s i n s  w e r e  r e l a b e l l e d  a c c o r d in g  to  th e  n e w  w a t e r  
r e g a in  v a lu e s  (T a b le  2 2 ) .
B e f o r e  c a r r y i n g  o u t  m e a s u r e m e n t s  in  th e  c a lo r i m e t e r ,  th e  w a t e r  
c o n te n ts  o f  th e  r e s i n s  w e r e  m o r e  a c c u r a t e l y  c o n t r o l le d  b y  a l lo w in g  th e  r e s i n s  
to  s ta n d  f o r  o n e  m o n th  in  a  d e s i c c a t o r  o v e r  a  s a tu r a te d  s o lu t io n  o f  c a lc iu m  
n i t r a t e .  T h is  t r e a t m e n t  c h a n g e d  th e  d r y  w e ig h t  ( r e a d y  to  u s e )  c a p a c i t i e s  
an d  w a t e r  r e g a in  v a l u e s .  B o th  w e r e  r e d e t e r m in e d ,  th e  c a p a c i t i e s  b y  
m e th o d  (a ) .  (T a b le  2 3 ) .  L a t e r  th e  c a p a c i t i e s  o f  th e  r e s i n s  in  t h i s
c o n d it io n  w e r e  a l s o  d e te r m in e d  b y  m e th o d s  (b) an d  (c) to  c o n f i r m  th e  v a l u e s  
o b ta in e d  b y  m e th o d  (a) (T a b le  2 4 ) .
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R e s in s  N 39  an d  N 67  w e r e  r e g e n e r a t e d  f o r  th e  c h lo r id e / s u lp h a te  
e x c h a n g e  w o r k .  R e s in  N 39  r e m a in e d  u n c h a n g e d  in  p r o p e r t i e s  b u t  a f t e r  
r e g e n e r a t i o n  r e s i n  N 67 h a d  d e c r e a s e d  in  w a t e r  r e g a in  v a l u e .  T h e r e  w a s  
e v id e n c e  t h a t  m o u ld  h a d  s t a r t e d  t o  f o r m  in  th e  r e s i n  w h i le  i t  w a s  a w a it in g  
r e g e n e r a t i o n .  A lth o u g h  t h i s  w a s  e x p e c te d  to  a f f e c t  th e  c a p a c i t y  t h i s  
r e m a in e d  u n c h a n g e d . R e s i n s  1 5 ,  1 9  a n d  1 1 2  a r e  a l l  i s o p o r o u s  D e a c id ite  
F F  r e s i n s ,  1 9  b e in g  f r o m  a  d i f f e r e n t  b a tc h  to  th e  is o p o r o u s  r e s i n  N 8 u s e d  in  
th e  c h lo r id e / o x a la te  w o r k .  A l l  th e  r e s i n s  u s e d  in  c h lo r id e / s u lp h a te  
e x c h a n g e  m e a s u r e m e n t s  w e r e  s t o r e d  o v e r  s a t u r a t e d  c a lc iu m  n i t r a t e  s o lu t io n  
a t  2 2 ° C .  A s  in  T a b le  2 3  th e  w a t e r  r e g a in  v a l u e s  o f  th e  r e s i n s  h a v e  b e e n  
b a s e d  o n  th e  w e ig h t  o f  a  s a m p le  o f  r e s i n  a f t e r  e q u i l ib r a t io n  o v e r  th e  s a t u r a t e d  
c a lc iu m  n i t r a t e  s o lu t io n , an d  n o t  o n  th e  c o m p le te ly  d r y  w e ig h t .  T h is  a f f e c t s  
th e  v o lu m e  c a p a c i ty  to  a  s m a l l  e x te n t  b u t  i t  i s  p r o b a b le  t h a t  th e  a p p lic a t io n  o f  
th e  e m p i r i c a l  f o r m u la  (46 ) to  th e  r e s i n s  u s e d  in  t h i s  w o r k  in t r o d u c e s  a  d e g r e e  
o f  u n c e r t a in t y  in  th e  v a lu e  o f  th e  v o lu m e  c a p a c i t y  a n y w a y .
C a p a c it y  m e a s u r e m e n t s  b y  m e th o d  (b) in d ic a te d  t h a t  a s  m u c h  a s  
50%  o f  th e  t o t a l  c a p a c i ty  in  r e s i n s  N 9, N 1 2 , N 3 9  an d  N 67 w a s  d u e  t o  w e a k  
b a s e  g r o u p s .  M eth o d  (c) h o w e v e r  in d ic a te d  th a t  t h e r e  w a s  no w e a k  b a s e  
c a p a c i t y  (T a b le  2 4 ) .  T h e  d i r e c t  t i t r a t i o n  o f  th e  r e s i n s  in  th e  c h lo r id e  f o r m  
w ith  0 . 1 N  s o d iu m  h y d r o x id e  c o n f i r m s  th e  r e s u l t  o b ta in e d  b y  m e th o d  ( c ) ,  in d ic a t in g  
a  n e g lig ib le  a m o u n t o f  w e a k  b a s e  c a p a c i t y .  T h e  t i t r a t i o n  c u r v e s  ( F i g s .  5 3  -  5 5 )  
in d ic a te  t h a t  th e  w e a k  b a s e  g ro u p s  w h ic h  a r e  o n ly  io n iz e d  in  a c id  s o lu t io n  a r e  
r a p i d l y  c o n v e r te d  t o  th e  f r e e  b a s e  f o r m .  O n f u r t h e r  a d d it io n  o f  s o d iu m  
h y d r o x id e  th e  pH r i s e s ,  th e  s o lu t io n  b e c o m in g  a lk a l in e  u n t i l  th e  c o n c e n t r a t io n  
o f  h y d r o x y l  io n s  i s  g r e a t  e n o u g h  to  h y d r o ly s e  th e  s t r o n g  b a s e  g r o u p s .
A lth o u g h  th e  l a t t e r  h a v e  a  s t r o n g  a f f in i t y  f o r  c h lo r id e  io n s  t h e y  o n ly  h a v e  
a  w e a k  a f f in i t y  f o r  h y d r o x y l  io n s  th u s  n e c e s s i t a t in g  a  h ig h  pH  to  e f f e c t  th e  
h y d r o l y s i s  o f  th e s e  g r o u p s .
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F IG U R E  5 4
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S E C T I O N  6
A P P E N D IX  2
F o r  i s o t h e r m  d e te r m in a t io n  b y  e i t h e r  th e  c o lu m n  o r  b a tc h  
m e th o d s  t e n  s o lu t io n s  w e r e  p r e p a r e d  c o n ta in in g  d i f f e r in g  p r o p o r t io n s  
o f  s o d iu m  c h lo r id e  an d  s o d iu m  o x a la te  o r  s u lp h a te .  T h e s e  s o lu t io n s  
w e r e  m a d e  u p  b y  m ix in g  0 . 1 N  s o lu t io n s  o f  s o d iu m  c h lo r id e  an d  th e  
s o d iu m  s a l t  o f  th e  d ib a s ic  a c id  a s  in d ic a te d  in  T a b le  2 6 ,
T A B L E  2 6
6:1 Introduction
C o lu m n  E x p e r im e n ts  B a tc h  E x p e r im e n ts
m i s .  o f  0 . 1  N  
N a C l
m is *  o f  0 . 1 N  
N a2 B
I 
r-4o m i s .  o f  0 . 1 N  
N a C l
m i s ,  o f  0 . 1 N  
N a^B
110 10 0 , 9 1 6 7 5 9 5
100 20 0 . 8 3 3 3 10 9 0
9 0 3 0 0 , 7 5 0 0 20 8 0
8 0 4 0 0 . 6 6 8 7 3 0 7 0
7 0 5 0 0 . 5 8 3 3 4 0 6 0
6 0 6 0 0 , 5 0 0 0 5 0 5 0
5 0 7 0 0 . 4 1 6 7 6 0 4 0
4 0 8 0 0 . 3 3 3 3 7 0 3 0
3 0 9 0 0 . 2 5 0 0 8 0 20
20 100 0 . 1 6 6 7 9 0 10
A t  th e  b o t to m  o f  T a b le s  2 7  -  9 8  th e  v a lu e s  o f  <o a r e  g iv e n  in  jo u le s /  
m o le  an d  th e  v a l u e s  o f  A G  a r e  g iv e n  in  jo u le s / e q u iv a le n t .
T h e  s e c o n d  c o lu m n  in  e a c h  ta b le  i s  h e a d e d  T  ( m i s , ) .  T h e  
v a l u e s  r e c o r d e d  r e f e r  t o  th e  a m o u n t o f  s i l v e r  n i t r a t e  s o lu t io n , o f  th e  n o r m a l i t y  
g iv e n  a t  th e  to p  o f  e a c h  t a b le ,  r e q u i r e d  t o  c o m p le te ly  p r e c ip i t a t e  th e  c h lo r id e
io n s  f r o m  a n  a l iq u o t  o f  th e  e lu a t e  s o lu t io n s  o b ta in e d  f r o m  th o  e q u i l ib r iu m  
e x p e r im e n t s .  W ith  th e  e x c e p t io n  o f  T a b le  5 7  t h i s  a l iq u o t  w a s  2 5  m i s .  
o r  i of th e  e lu a te  s o lu t io n  so  t h a t  th e  t o t a l  c h lo r id e  i s  e q u iv a le n t  to  f o u r  
t i m e s  th e  a m o u n t o f  s i l v e r  n i t r a t e  r e c o r d e d .  In  T a b le  5 7  th e  a l iq u o t  
s i z e  w a s  5 0  m l .  o r  J  th e  e lu a t e  c o l l e c t e d .
W ith  th e  e x c e p t io n s  o f  T a b le s  9 5  -  9 8  th e  d a ta  g iv e n  in  th e  c o lu m n  
h e a d e d  ' lo g  t e r m 1 a r e  v a l u e s  f o r  th e  e x p r e s s io n  :
In
— 2 j,2
* b x a £a
~2 * X. X _ L
CA XB  B
In  T a b le s  9 5  -  9 8  Tlo g  t e r m 1 r e f e r s  to  th e  e x p r e s s io n
*BXA-gr- "—X
In
w h e r e  in  t h i s  c a s e  B  r e f e r s  to  th e  u n iv a le n t  n i t r a t e  io n .
F o r  th e  c h lo r id e - s u lp h a t e  e x c h a n g e  s y s t e m  an d  f o r  c h lo r i d e -  
o x a la te  e x c h a n g e  o n  r e s i n  N 8 , s o m e  o f  th e  e x p e r im e n t a l  d a ta  w e r e  o m it te d  
w h e n  d e te r m in in g  th e  b e s t  s t r a ig h t  l in e  th ro u g h  th e  s e l e c t i v i t y  p lo t .  T h e  
p o in ts  w h ic h  w e r e  o m it te d  in  t h i s  w a y  a r e  m a r k e d  w i th  a n  a s t e r i s k  a g a in s t  
th e  v a lu e  g iv e n  in  th e  c o lu m n  h e a d e d  ' lo g  t e r m * .
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T A B LE  27
C h lo rid e -o xa la te  exchange on re s in  N9 T em pera tu re  25 C
N o rm a lity  o f T  ~ 0.100N
W t .  o f  r e s i n ( g , )  T  (mis.) XC1 xci f 2 / f  A7 B l o g  t e r m
0 . 4 4 4 6 2 3 , 6 5 5 0 . 9 1 6 7 0 . 8 4 4 2 1 . 6 4 6 1 . 2 8 9
0 . 4 7 4 5 2 2 . 1 9 5 0 . 8 3 3 3 0 . 7 3 0 4 1 . 6 5 6 1 . 2 4 9
0 . 4 5 7 9 2 0 . 4 8 5 0 . 7 5 0 0 0 . 6 4 4 2 1,666 1 . 1 6 7
0 . 4 6 8 2 1 8 , 8 3 5 0 . 6 6 6 7 0 , 5 6 5 3 1 . 6 7 4 1.111
0 . 5 6 3 0 1 7 . 6 0 0 , 5 8 3 3 0 ,4 9 6 7 1 . 6 8 3 1 . 0 3 0
0 , 4 7 6 3 1 5 . 3 9 5 0 . 5 0 0 0 0 , 4 2 9 3 1 . 6 9 0 0 . 9 6 2
0 . 5 0 9 2 1 3 , 8 2 5 0 . 4 1 6 7 0 . 3 7 1 7 1 . 6 9 8 0 . 8 3 2
0 . 4 7 0 0 1 1 . 8 4 5 0 . 3 3 3 3 0 . 2 9 8 3 1 . 7 0 5 0 , 8 0 7
0 . 4 9 0 3 1 0 . 2 7 0 , 2 5 0 0 0 . 2 3 0 1 1 , 7 1 2 0 . 7 2 9
0 , 5 1 1 4 8.68 0 , 1 6 6 7 0 . 1 7 1 5 1 . 7 1 9 0 . 4 7 9
a) = 2 7 6 0 A G  !»  1 4 7 0
TABL1S 2 8
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N8 T e m p e r a t u r e  2 5 ° C
N o r m a l i t y  o f  T  » 0 . 1 0 0 1 N
Wt. o f  r e s i n ( g . )  T (mis.) XC1 XC i L o g  t e r m
0 . 4 2 7 9 4 , 2 8 0 . 1 7 1 4 0 . 1 4 2 0 1 . 7 1 8 0 . 9 5 2
0 . 4 1 6 1 5 . 3 3 0 , 2 1 3 4 0 . 1 7 5 6 1 . 7 1 5 0 . 9 7 7
0 . 4 1 8 3 7 . 6 0 0 , 3 0 4 3 0 , 2 4 5 8 1 , 7 0 7 1 , 0 4 3
0 . 4 0 0 0 9 . 7 6 5 0 , 3 9 1 0 0 . 3 1 1 9 1 . 7 0 0 1 . 1 0 4
0 . 3 9 0 6 1 1 . 9 9 0 . 4 8 0 1 0 . 3 7 9 9 1 . 6 9 2 1 , 1 7 0
0 . 4 1 2 4 1 4 , 3 4 5 0 . 5 7 4 4 0 . 4 5 4 5 1 . 6 8 3 1 , 2 3 7
0 . 4 0 3 0 1 6 , 5 5 0 . 6 6 2 7 0 . 5 2 9 7 1 . 6 7 4 1 . 2 9 6
0 . 3 8 4 0 1 8 . 7 3 0 . 7 4 9 9 0 . 6 0 6 5 1,666 1 . 3 8 8
0 . 3 6 6 5 20,88 0 , 8 3 6 0 0 .7 0 2 6 1 , 6 5 5 1 , 4 4 8
0 . 3 7 4 0 2 3 , 0 5 0 . 9 2 2 9 0 . 8 1 4 6 1 . 6 4 6 1 . 6 2 6
w » 2370 = 0.46 A G  = 950
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 12  T e m p e r a t u r e  2 5 ° C
-  138 -
T A B LE  29
N o r m a li ty  o f  T  != 0 . 1 0 0 4 N
W t ,  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f A/ f  
A  B
L o g  t e r m
0 . 4 9 6 9 2 3 . 5 0 5 0 , 9 1 6 7 0 .8 2 0 4 1 . 6 4 6 1 . 4 8 9
0 . 4 8 3 3 2 1 . 8 3 5 0 , 8 3 3 3 0 .7 0 4 7 1 * 6 5 6 1 . 4 1 1
0 . 4 8 6 1 20.12 0 . 7 5 0 0 0 .6 0 9 3 1.666 1 . 3 7 2
0 , 4 9 2 0 1 8 , 3 5 5 0 . 6 6 6 7 0 . 5 3 1 4 1 , 6 7 4 1 . 3 1 0
0 .& S 9 1 1 6 . 5 4 5 0 . 5 8 3 3 0 . 4 5 6 9 1 . 6 8 3 1 . 2 7 3
0 . 4 9 4 6 1 4 . 7 2 0 . 5 0 0 0 0 . 3 9 6 7 1 . 6 9 0 1 . 1 7 5
0 . 4 9 9 1 1 2 . 9 5 5 0 . 4 1 6 7 0 .3 2 0 7 1 . 6 9 8 1 . 2 0 5
0 . 4 9 7 5 1 1 . 1 0 5 0 . 3 3 3 3 0 .2 0 8 6 1 . 7 0 5 1 . 1 4 7
0 , 5 1 5 4 9 . 3 6 5 0 . 2 5 0 0 0 . 1 9 9 1 1 . 7 1 2 1 . 0 5 8
0 . 5 7 0 9 7 . 9 0 0 . 1 6 6 7 0 . 1 3 6 7 1 , 7 1 9 0 . 9 7 3
w «  1 7 6 0 K^, «  0 . 5 4 A G = 7 5 0
T A B L E  3 0
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 19 T e m p e r a t u r e  2 5 ° C
N o r m a li ty  o f  T  * 0 . 1 0 0 4 N
W t .  o f  r e s i n ( g . )  T  ( m is . ) x
C l XC 1 f i / f s
l o g  t e r m
0 . 4 8 7 8 2 3 . 6 8 5 0 . 9 1 6 7 0 .8 0 0 6 1 . 6 4 6 1 . 6 4 2
0 . 5 0 8 1 22.21 0 . 8 3 3 3 0 . 6 7 8 4 1 . 6 5 6 1 . 5 7 3
0 . 4 7 8 8 2 0 . 4 3 5 0 . 7 5 0 0 0 . 5 9 0 3 1.666 1 . 4 8 3
0 , 4 9 4 2 1 8 . 7 4 5 0 . 6 6 6 7 0 . 5 1 7 7 1 . 6 7 4 1 . 3 9 0
0 . 5 0 1 3 1 7 . 0 7 0 , 5 8 3 3 0 .4 3 6 6 1 . 6 8 3 1 . 4 0 1
0 . 4 8 6 0 1 5 . 2 1 0 . 5 0 0 0 0 . 3 7 0 7 1 . 6 9 0 1 , 3 5 3
0 . 5 0 5 4 1 3 . 5 2 5 0 . 4 1 6 7 0 . 3 1 0 4 1 , 6 9 8 1 . 2 8 6
0 . 4 9 2 3 1 1 . 6 4 0 . 3 3 3 3 0 .2 4 9 5 1 . 7 0 5 1 . 2 3 1
0 . 5 4 0 2 1 0 . 1 9 0 . 2 5 0 0 0 . 1 8 9 0 1 . 7 1 2 1 . 1 7 5
0 . 5 4 2 2 8 . 3 8 5 0 . 1 6 6 7 0 . 1 3 7 7 1 . 7 1 9 0 . 9 5 9
o> = 2 1 8 0  K^, = 0 . 7 9  A G  *  2 9 0
T A B L E  3 1
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 28  T e m p e r a t u r e  2 5 ° C  
N o r m a li ty  o f  T  -  0 . 1 0 0 3 N
- 139 -*
W t ,  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
0 * 4 8 5 9 2 3 . 9 4 0 . 9 1 6 7 0 . 7 8 7 2 1 . 6 4 6 1 . 7 4 1
0  4 8 8 8 2 2 . 4 6 5 0 . 8 3 3 3 0 . 6 7 1 5 1 . 6 5 6 1 . 6 1 5
0 . 4 9 0 9 2 0 . 8 8 5 0 . 7 5 0 0 0 . 5 7 7 1 1.666 1 , 5 6 0
0 .4 8 8 6 1 9 . 2 2 0 , 6 6 6 7 0 . 4 9 5 3 1 . 6 7 4 1 . 5 2 4
0 . 4 8 5 4 1 7 . 4 7 5 0 . 5 8 3 3 0 . 4 2 6 8 1 . 6 8 3 1 , 4 6 3
0 . 4 8 5 7 1 5 , 7 3 0 . 5 0 0 0 0 .3 6 2 6 1 . 6 9 0 1 . 4 1 0
0 . 4 8 9 4 1 3 . 9 7 0 . 4 1 6 7 0 . 3 0 6 1 1 . 6 9 8 1 . 3 1 9
0 . 5 0 4 3 1 2 . 3 1 0 . 3 3 3 3 0 . 2 4 8 0 1 . 7 0 5 1 . 2 4 6
0 . 5 0 5 3 1 0 , 5 2 0 . 2 5 0 0 0 . 1 9 5 8 1 . 7 1 2 1 . 0 9 7
0 . 5 6 1 5 9 . 1 9 5 0 . 1 6 6 7 0 . 1 4 9 5 1 . 7 1 9 0 . 7 8 0
o) »  3 0 1 0 K^, *  l . H A g *= - 1 2 5
T A B L E  3 2
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 39 T e m p e r a t u r e  2 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 3 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
L o g  t e r m
0 . 4 8 6 9 2 3 . 9 2 0 , 9 1 6 7 0 . 7 7 8 5 1 , 6 4 6 1 . 8 0 4
0 . 4 7 3 8 2 2 . 3 5 5 0 . 8 3 3 3 0 . 6 6 3 2 1 . 6 5 6 1 . 6 6 5
0 . 4 6 4 0 20.68 0 . 7 5 0 0 0 . 5 6 9 0 1.666 1 , 6 0 7
0 . 4 6 6 8 1 8 . 9 7 5 0 . 6 6 6 7 0 , 4 9 1 4 1 . 6 7 4 1 . 5 4 8
0 . 4 7 2 3 1 7 . 2 2 0 . 5 8 3 3 0 , 4 2 8 3 1 . 6 8 3 1 . 4 5 4
0 . 4 6 6 4 1 5 . 4 2 0 . 5 0 0 0 0 . 3 6 1 5 1 . 6 9 0 1 . 4 1 8
0 . 4 8 3 7 1 3 . 7 2 0 . 4 1 6 7 0 . 3 0 6 0 1 , 6 9 8 1 . 3 2 1
0 . 4 8 3 1 1 1 . 8 7 0 , 3 3 3 3 0 . 2 5 7 4 1 . 7 0 5 1 . 1 5 8
0 . 4 9 8 5 1 0 . 1 7 0 . 2 5 0 0 0 . 2 0 4 3 1 . 7 1 2 1,000
0 . 5 1 2 4 8 . 4 3 5 0 . 1 6 6 7 0 . 1 5 8 9 1 . 7 1 9 0 . 6 4 8
w = 3 8 5 0 Ky  »  1 . 8 9 A G *  - 8 0 0
ro 140 -
T A B LE  33
C h lo rid e -o xa la te  exchange on re s in  N60 T em pera tu re  25°C
N o rm a lity  o f T  -  0.1004N
W t ,  o f r e s i n ( g . ) T  ( m is . )
XC 1 XC 1
f 2  / f  
A 7 B
L o g  t e r m
0 . 4 4 9 8 2 3 , 8 6 5 0 , 9 1 6 7 0 . 7 6 6 9 1 . 6 4 6 1 . 8 8 5
0 . 4 4 9 0 2 2 . 3 2 5 0 . 8 3 3 3 0 . 6 4 5 8 1 . 6 5 6 1 . 7 6 8
0 , 4 6 6 8 2 0 . 7 4 5 0 . 7 5 0 0 0 . 5 5 2 5 1.666 1 , 7 0 3
0 . 4 6 1 3 1 9 . 0 2 0 . 6 6 6 7 0 . 4 7 0 8 1 , 6 7 4 1 . 6 7 3
0 . 4 8 3 7 1 7 . 3 5 0 . 5 8 3 3 0 . 4 1 0 4 1 . 6 8 3 1 . 5 7 0
0 . 4 5 3 9 1 5 . 4 1 5 0 . 5 0 0 0 0 . 3 4 0 7 1 . 6 9 0 1 . 5 6 8
0 . 4 7 5 3 1 3 . 7 4 0 . 4 1 6 7 0 . 2 8 5 7 1 . 6 9 8 1 . 4 8 7
0 , 4 8 6 8 12.02 0 . 3 3 3 3 0 . 2 2 8 6 1 . 7 0 5 1 . 4 3 4
0 . 5 3 0 5 1 0 . 5 4 0 . 2 5 0 0 0 , 1 7 9 1 1 . 7 1 2 1 . 2 9 5
0 .5 2 1 6 8 . 6 3 0 . 1 6 6 7 0 . 1 3 3 3 1 . 7 1 9 1 . 0 2 8
co = 2 7 2 0 -  2 . 5 6 A G  53 - 1 1 7 0
T A B L E  3 4
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 67  T e m p e r a t u r e  2 5 ° C  
N o r m a l i t y  o f  T  = 0 . 1 0 0 2 N
.  o f  r e s i n ( g . ) T  ( m is , )
XC 1 XC 1 X L o g  t e r m
0 . 4 5 5 0 2 3 . 7 7 0 . 9 1 6 7 0 , 7 8 3 5 1 . 6 4 6 1 . 7 6 8
0 . 4 3 7 0 2 2 . 1 3 0 . 8 3 3 3 0 . 6 6 4 0 1 . 6 5 6 1 . 6 6 0
0 , 4 4 9 2 2 0 . 4 8 0 . 7 5 0 0 0 . 5 8 8 5 1,666 1 . 6 1 0
0 . 4 6 4 9 1 8 . 7 7 5 0 . 6 6 6 7 0 . 4 9 5 0 1 . 6 7 4 1 . 5 2 6
0 . 4 8 1 5 1 7 . 1 0 0 . 5 8 3 3 0 . 4 2 0 0 1 . 6 8 3 1 . 5 0 7
0 . 4 8 3 1 1 5 . 3 0 5 0 . 5 0 0 0 0 . 3 5 7 6 1 . 6 9 0 1 . 4 4 5
0 . 4 9 7 5 1 3 , 6 0 0 , 4 1 6 7 0 , 2 9 3 9 1 . 6 9 8 1 . 4 1 8
0 . 4 9 3 0 1 1 . 7 3 5 0 . 3 3 3 3 0 . 2 3 9 5 1 . 7 0 5 1 . 3 2 6
0 , 5 2 5 6 1 0 . 1 2 5 0 . 2 5 0 0 0 . 1 8 8 9 1 . 7 1 2 1 . 1 7 6
0 . 5 2 6 0 8 . 2 8 0 . 1 6 6 7 0 . 1 4 0 9 1 . 7 1 9 0 . 9 0 8
co = 2 6 8 0  K t  = 2 . 7 0  A G  »  - 1 2 6 0
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T A B LE  35
C h lo rid e -o xa la te  exchange on re s in  N113 Tem pera tu re  25°C
N o rm a lity  o f T  = 0.1Q0GN
W t ,  o f r e s i n ( g . ) T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
0 . 3 5 7 8 2 3 . 7 3 0 , 9 1 6 7 0 . 7 9 2 6 1 , 6 4 6 1 . 7 0 2
0 . 4 4 2 2 2 2 . 3 8 5 0 . 8 3 3 3 0 . 6 7 9 3 1 . 6 5 6 1 . 5 6 8
0 . 3 5 7 6 2 0 . 3 7 5 0 . 7 5 0 0 0 , 5 8 4 9 1.666 1 . 5 1 4
0 . 4 2 6 5 1 8 . 9 3 0 . 6 6 6 7 0 . 5 1 5 4 1 . 6 7 4 1 . 4 0 4
0 .  3 6 8 8 1 8 . 7 9 0 * 5 8 3 3 0 . 4 5 3 2 1 , 6 8 3 1 . 2 9 6
0 .4 4 9 6 1 5 , 5 0 5 0 . 5 0 0 0 0 . 3 8 9 5 1 . 6 9 0 1 . 2 2 4
0 . 4 3 0 3 1 3 . 5 6 0 . 4 1 6 7 0 . 3 3 2 9 1 . 6 9 8 1.112
0 . 4 5 9 0 1 1 . 9 8 0 , 3 3 3 3 0 . 2 7 4 1 1 , 7 0 5 1.010
0 . 4 6 6 9 10.21 0 . 2 5 0 0 0 . 2 2 5 3 1 . 7 1 2 0 . 7 7 9
0 . 5 2 2 0 8 . 8 6 5 0 , 1 6 6 7 0 . 1 7 8 0 1 . 7 1 9 0 . 3 9 7
w »  4 6 0 0 K t  = 4 . 1 7 A G  *3 - 1 7 6 0
T A B L E  3 0
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 9 T e m p e r a t u r e  3 5 ° C  
N o r m a l i t y  o f  T  = 0 . 1 0 0 0 N
W t .  o f  r e s i n ( g . ) T  ( m is . )
Xc x XC 1
f  A/ f  
A '  B
L o g  t e r m
0 . 4 5 1 6 2 3 . 7 7 0 . 9 1 6 7 0 . 8 2 2 7 1 . 6 6 3 1 . 4 8 0
0 , 4 5 2 8 2 2 . 2 7 0 . 8 3 3 3 0 . 7 0 1 9 1 . 6 7 2 1 . 4 3 9
0 . 4 4 0 1 2 0 . 5 6 0 . 7 5 0 0 0 . 6 1 3 8 1 . 6 8 2 1 . 3 5 5
0 . 4 5 0 1 1 8 , 8 6 5 0 . 6 6 6 7 0 . 5 4 2 6 1 , 6 9 0 1 , 2 5 3
0 . 4 7 5 5 1 7 . 2 3 0 . 5 8 3 3 0 . 4 7 7 2 1 . 6 9 9 1 . 1 5 8
0 . 4 4 2 4 1 5 , 2 9 0 . 5 0 0 0 0 . 4 0 7 8 1 . 7 0 7 1.111
0 , 4 8 3 5 1 3 . 7 3 5 0 . 4 1 6 7 0 . 3 5 5 7 1 . 7 1 5 0 . 9 5 5
0 . 4 5 9 7 1 1 , 8 5 0 . 3 3 3 3 0 . 2 8 1 5 1 . 7 2 3 0 . 9 5 6
0 . 5 6 1 3 1 0 . 9 1 0 . 2 5 0 0 0 , 2 2 0 5 1 . 7 3 0 0 . 8 3 8
0 . 5 4 6 5 9 . 0 4 0 . 1 6 6 7 0 . 1 6 2 8 1 . 7 3 7 0 . 6 0 4
w 3 2 7 0 -  0 . 3 9 A G  » 1210
-  142 -
T A B LE  37
C h lo rid e -o xa la te  exchange on re s in  N8 Tem pera tu re  35°C
N o rm a lity  o f T  = 0o1001N
W t .  o f  r e s i n ( g . ) T ( m is . ) XC1 XC1 f 2  / f L o g  t e r m
0 ,4 0 6 6 4 . 1 7 0 . 1 6 7 0 0 . 1 2 9 9 1 . 7 3 7 1 . 0 9 8
0 . 4 1 3 9 5 . 3 6 0 . 2 1 4 6 0 . 1 6 2 4 1 , 7 3 3 1 . 1 7 2
0 , 4 1 5 1 7 . 6 2 0 , 3 0 5 1 0 , 2 3 4 1 1 , 7 2 5 1 . 1 7 2
0 . 4 1 0 2 9 , 8 5 0 . 3 9 4 4 0 . 3 0 3 9 1 . 7 1 7 1.201
0 . 3 8 3 1 12.00 0 . 4 8 0 5 0 ,3 6 4 6 1 . 7 0 8 1 , 2 8 9
0 . 4 0 5 0 1 4 , 3 9 0 . 5 7 6 2 0 , 4 3 1 1 1 . 7 0 0 1 . 4 0 5
0 . 4 0 5 0 1 6 . 5 9 5 0 . 6 6 4 5 0 . 5 1 8 5 1 . 6 9 1 1 . 3 8 2
0 . 4 2 6 5 1 8 . 9 0 0 . 7 5 6 8 0 .5 9 7 5 1 . 6 8 1 1 . 4 9 6
0 . 3 8 5 7 2 0 . 9 7 5 0 . 8 3 9 8 0 .6 8 7 6 1 , 6 7 1 1 . 5 8 2
0 . 3 5 5 6 2 3 . 0 2 0 , 9 2 1 7 0 , 8 1 5 2 1 , 6 6 2 1 . 6 1 3
a) -  2 0 0 0 K t  -  0 . 4 8 A G  » 9 5 0
T A B L E  3 8
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 12  T e m p e r a t u r e  3 5 ° C  
N o r m a l i t y  o f  T  ~ 0 .1 0 Q 2 N
W t .  o f r e s i n ( g . ) T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
0 . 4 3 9 2 2 3 , 5 3 0 . 9 1 6 7 0 . 8 1 0 4 1 . 6 6 3 1 . 5 7 8
0 . 4 3 8 5 2 1 , 8 7 0 . 8 3 3 3 0 . 6 8 3 7 1 . 6 7 2 1 . 5 5 1
0 . 4 4 5 7 2 0 . 1 3 0 . 7 5 0 0 0 . 5 8 8 7 1 . 6 8 2 1 . 5 0 2
0 . 4 4 9 5 1 8 . 3 2 0 . 6 6 6 7 0 . 5 1 3 3 1 . 6 9 0 1 . 4 2 6
0 . 4 7 2 0 1 6 . 5 8 5 0 . 5 8 3 3 0 . 4 3 9 9 1 . 6 9 9 1 . 3 9 0
0 . 4 8 0 0 1 4 . 7 8 0 . 5 0 0 0 0 . 3 7 4 0 1 . 7 0 7 1 . 3 4 0
0 . 4 8 7 5 1 2 . 9 4 0 . 4 1 6 7 0 . 3 1 9 0 1 . 7 1 5 1 . 2 2 8
0 . 4 9 9 3 1 1 . 1 6 0 . 3 3 3 3 0 .2 5 5 6 1 . 7 2 3 1 , 1 8 5
0 . 5 2 1 2 9 . 4 1 5 0 . 2 5 0 0 0 . 2 0 2 5 1 . 7 3 0 1 . 0 3 0
0 . 5 4 5 1 7 . 7 1 4 0 . 1 6 6 7 0 . 1 4 6 3 1 . 7 3 7 0 . 8 3 8
a) = 2 6 4 0  K^, *  0 . 7 0  A G  «  4 6 0
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T A B LE  39
C h lo rid e -o xa la te  exchange on re s in  N39 T em pera tu re  35 C
N o rm a lity  o f T  = 0.1001N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A 7 B
L o g  t e r m
0 , 4 3 1 7 2 3 . 9 2 0 , 9 1 6 7 0 . 7 6 1 3 1 . 6 6 3 1 . 9 3 3
0 . 4 6 0 7 2 2 . 7 4 0 . 8 3 3 3 0 . 6 4 7 1 1 . 6 7 2 1 . 7 7 0
0 . 4 4 8 1 2 0 . 7 1 5 0 . 7 5 0 0 0 . 5 5 5 1 1 , 6 8 2 1 . 6 9 8
0 . 4 5 0 1 1 9 . 2 2 0 . 6 6 6 7 0 . 4 7 5 9 1 , 6 9 0 1 , 6 5 2
0 . 5 4 6 2 1 7 . 2 8 0 . 5 8 3 3 0 . 4 1 1 4 1 . 6 9 9 1 . 5 7 3
0 . 4 6 1 4 1 5 . 4 7 0 . 5 0 0 0 0 . 3 5 0 4 1 . 7 0 7 1 . 5 0 8
0 . 4 9 7 9 1 3 . 8 9 0 . 4 1 6 7 0 , 2 9 7 0 1 , 7 1 5 1 . 4 0 4
0 , 4 9 2 7 1 1 . 7 2 0 . 3 3 3 3 0 , 2 4 1 8 1 , 7 2 3 1 . 3 1 5
0 . 5 4 6 2 1 0 . 5 9 0 . 2 5 0 0 0 . 2 0 0 3 1 . 7 3 0 1 . 0 5 6
0 . 5 4 9 2 8 . 0 5 0 . 1 6 6 7 0 . 1 5 2 1 1 . 7 3 7 0 . 7 5 2
to *  4 1 5 0 K^, = 2 . 2 2 A G «  - 1 0 0 0
T A B L E I 4 0
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 67
o
T e m p e r a t u r e  8 5  C
N o r m a l i t y  o f  T  - 0 . 1 0 0 1 N
W t .  o f  r e s i n ( g . )  T  ( m ls . )
XC 1 XC 1
f 2  / f  
A 7 B
L o g  t e r m
0 . 4 6 1 4 2 3 . 9 2 0 . 9 1 6 7 0 . 7 5 6 5 1 . 6 6 3 1 . 9 6 5
0 . 4 4 1 5 2 2 . 2 7 0 . 8 3 3 3 0 . 6 3 8 2 1 . 6 7 2 1 . 8 2 3
0 . 4 6 9 6 20.68 0 . 7 5 0 0 0 . 5 4 5 4 1 . 6 8 2 1 , 7 5 5
0 . 4 6 2 5 1 8 . 9 1 0 . 6 6 6 7 0 . 4 6 4 9 1 . 6 9 0 1 . 7 1 9
0 . 4 8 3 6 1 7 . 2 4 0 . 5 8 3 3 0 . 3 9 4 7 1 , 8 9 9 1 , 6 8 4
0 . 4 8 9 9 1 5 , 4 9 0 . 5 0 0 0 0 .3 2 8 6 1 , 7 0 7 1 , 6 6 9
0 . 4 8 9 0 1 3 , 6 2 0 . 4 1 6 7 0 . 2 8 0 2 1 . 7 1 5 1 . 5 4 3
0 . 5 1 4 1 1 1 . 9 7 0 . 3 3 3 3 0 . 2 2 3 1 1 . 7 2 3 1 . 4 9 9
0 . 5 2 4 6 1 0 . 1 7 0 . 2 5 0 0 0 . 1 8 0 1 1 , 7 3 0 1 . 2 9 3
0 , 5 4 4 2 8 . 4 8 0 . 1 6 6 7 0 . 1 3 1 0 1 , 7 3 7 1 , 0 7 5
o) 2 9 7 0 «  3 . 4 5 A g = - 1 5 9 0
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T A B LE  41
C h lo rid e -o xa la te  exchange on re s in  N9 Tem pera tu re  45°C
N o rm a lity  o f T  = 0*1001N
W t ,  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
L o g  t e r m
0 „ 4 4 6 9 2 3 , 8 8 0 . 9 1 0 7 0 . 7 9 2 8 1 , 6 8 1 1 . 7 2 1
0 . 4 4 8 8 2 2 . 3 5 0 . 8 3 3 3 0 . 6 7 7 8 1 , 6 9 0 1 . 5 9 7
0 . 4 5 6 4 2 0 . 7 6 0 . 7 5 0 0 0 , 5 8 2 2 1 . 7 0 0 1 . 5 5 0
0 . 4 6 3 3 1 9 . 0 2 5 0 . 6 6 6 7 0 . 5 1 8 4 1 . 7 0 8 1 . 4 0 7
0 . 4 6 5 2 1 7 . 3 3 0 . 5 8 3 3 0 , 4 4 1 9 1 . 7 1 7 1 . 3 8 8
0 . 4 8 6 9 1 5 . 6 8 0 . 5 0 0 0 0 . 3 8 3 7 1 . 7 2 6 1 , 2 8 4
0 . 4 9 2 5 1 3 . 8 9 0 . 4 1 6 7 0 . 3 3 5 3 1 . 7 3 4 1 . 1 1 6
0 . 5 0 5 3 1 2 . 2 8 0 . 3 3 3 3 0 . 2 6 4 2 1 . 7 4 2 1 . 1 1 8
0 . 5 7 2 3 1 1 . 0 5 0 . 2 5 0 0 0 . 2 1 0 7 1 , 7 4 9 0 . 9 5 3
0 . 5 6 1 3 9 . 2 2 0 . 1 6 6 7 0 . 1 5 3 3 1 . 7 5 6 0 . 7 4 8
w »  3 7 7 0 “  0 . 5 2 A G a  8 4 0
T A B L E  4 2
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N8 T e m p e r a t u r e  4 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 0 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
0 , 4 3 0 7 4 . 3 9 0 . 1 7 5 6 0 . 1 1 7 9 1 . 7 5 5 1 . 4 2 7  *
0 . 3 7 3 7 5 . 1 6 0 , 2 0 6 4 0 . 1 3 8 8 1 . 7 5 3 1 , 4 3 7  *
G .3 9 3 7 7 . 5 4 0 . 3 0 1 6 0 . 2 1 9 4 1 . 7 4 4 1 . 3 0 4
0 . 3 9 4 7 9 , 8 3 0 . 3 9 3 2 0 , 2 8 5 8 1 . 7 3 6 1 . 3 5 3
0 . 4 0 9 6 12.20 0 . 4 8 8 0 0 . 3 5 0 1 1 . 7 2 7 1 . 4 4 9
0 . 3 6 6 0 1 4 . 2 6 0 . 5 7 0 4 0 . 4 1 8 2 1 . 7 1 9 1 . 4 6 6
0 , 3 8 1 0 1 6 . 5 9 0 . 6 6 3 6 0 . 4 9 5 1 1 . 7 0 8 1 . 5 2 8
0 . 4 1 0 1 1 8 , 9 2 0 . 7 5 6 8 0 . 5 8 1 4 1 . 6 9 9 1 . 6 0 0
0 . 3 6 2 2 2 0 . 9 7 0 . 8 3 8 8 0 . 6 7 6 0 1 . 6 8 9 1 . 6 5 4
0 . 3 4 4 9 2 3 . 0 5 0 . 9 2 2 0 0 . 8 0 7 1 1 . 6 8 0 1 . 6 9 1
w = 1 2 8 0 K^, -  0 . 4 7 A G = 1 0 0 0
-  145 -
T A B LE  43
N o r m a li ty  o f  T  ~ 0 . 1 0 0 2 N
W t .  o f  r e s in ( g „ )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
0 . 4 5 9 9 2 3 . 6 5 0 . 9 1 6 7 0 . 7 7 8 0 1 . 6 8 1 1 . 8 2 7
0 . 4 6 3 5 2 1 . 9 8 0 , 8 3 3 3 0 . 6 6 3 4 1 . 6 9 0 1 . 6 8 3
0 . 4 5 7 6 2 0 . 2 3 0 . 7 5 0 0 0 . 5 6 5 0 1 . 7 0 0 1 . 6 5 1
0 . 4 4 7 8 1 8 . 3 7 0 . 6 6 6 7 0 . 4 9 1 5 1 . 7 0 8 1 . 5 6 8
0 . 4 7 9 3 1 6 . 7 1 0 . 5 8 3 3 0 . 4 0 9 7 1 . 7 1 7 1 . 5 9 6
0 . 4 6 4 9 1 4 . 7 5 0 . 5 0 0 0 0 . 3 5 8 0 1 . 7 2 6 1 . 4 6 4
0 . 4 8 8 3 1 3 . 0 2 0 , 4 1 6 7 0 . 2 9 5 2 1 . 7 3 4 1 , 4 2 9
0 . 5 1 2 9 1 1 . 2 9 0 . 3 3 3 3 0 . 2 3 9 2 1 , 7 4 2 1 . 3 5 0
0 . 5 5 4 2 9 . 6 1 5 0 . 2 5 0 0 0 . 2 0 0 5 1 . 7 4 9 1 , 0 6 5
0 . 5 4 2 1 7 . 7 2 0 . 1 6 6 7 0 . 1 3 8 2 1 . 7 5 6 0 . 9 7 1
w = 3 1 4 0 *  0 . 9 2 A G = 1 2 5
T A B L E  4 4
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 39  T e m p e r a t u r e  4 5 ° C  
N o r m a li ty  o f  T  «  0 . 1 0 0 1 N
W t .  o f  r e s i n ( g , ) T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
0 .4 6 0 4 2 3 . 9 7 0 . 9 1 6 7 0 . 7 6 5 2 1 . 6 8 1 1 , 9 1 6
0 . 4 5 0 8 2 2 . 4 2 0 . 8 3 3 3 0 . 6 4 1 4 1 , 6 9 0 1 . 8 1 4
0 . 4 6 7 2 2 0 , 8 7 0 . 7 5 0 0 0 . 5 3 9 9 1 . 7 0 0 1 . 7 9 8
0 , 4 7 4 1 1 9 . 1 5 0 . 6 6 6 7 0 . 4 7 0 2 1 . 7 0 8 1 . 6 9 7
0 . 4 9 8 8 1 7 . 5 2 0 . 5 8 3 3 0 , 4 0 5 2 1 . 7 1 7 1 . 6 2 5
0 . 4 8 0 5 1 5 . 6 0 0 . 5 0 0 0 0 . 3 4 9 0 1 . 7 2 6 1 . 5 2 9
0 . 5 1 0 7 1 3 . 9 8 5 0 . 4 1 6 7 0 , 2 9 5 9 1 . 7 3 4 1 . 4 2 3
0 . 5 0 6 5 12,10 0 . 3 3 3 3 0 . 2 5 0 8 1 . 7 4 2 1 . 2 4 0
0 . 5 5 5 0 1 0 . 6 4 0 . 2 5 0 0 0 . 2 0 3 9 1 . 7 4 9 1 . 0 2 6
0 . 5 5 7 5 8 . 8 0 5 0 . 1 6 6 7 0 . 1 6 3 2 1 . 7 5 6 0 . 6 1 0
0) = 5 0 2 0  = 2 , 5 0  A G  35 - 1 2 1 0
-  146 -
T A B LE  45
C h lo rid e -o xa la te  exchange on re s in  N67 T em pera tu re  45°C
N o rm a lity  o f T  -  0 .1 0 0 IN
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A 7 B
l o g  t e r m
0 . 4 5 0 0 2 3 . 9 2 0 . 9 1 6 7 0 . 7 5 0 4 1 . 6 8 1 2 , 0 1 7
0 . 4 4 3 7 2 2 . 3 3 0 , 8 3 3 3 0 . 6 2 5 1 1 , 6 9 0 1 . 9 1 0
0 . 4 5 4 8 2 0 . 6 9 0 . 7 5 0 0 0 ,5 2 8 2 1 . 7 0 0 1 . 8 6 7
0 , 4 5 1 4 1 8 . 9 0 0 . 6 6 6 7 0 , 4 5 4 2 1 . 7 0 8 1 . 7 9 7
0 . 4 6 8 5 1 7 . 2 1 0 , 5 8 3 3 0 . 3 8 2 2 1 . 7 1 7 1 . 7 8 0
0 . 4 8 7 8 1 5 . 4 9 0 , 5 0 0 0 0 . 3 2 5 7 1 . 7 2 6 1 . 7 0 2
0 . 4 8 3 0 1 3 . 6 2 0 . 4 1 6 7 0 , 2 7 1 3 1 . 7 3 4 1 . 6 3 1
0 . 5 1 6 5 1 1 . 9 8 0 . 3 3 3 3 0 .2 2 4 6 1 . 7 4 2 1 . 4 9 5
0 . 5 5 1 1 1 0 . 3 9 0 . 2 5 0 0 0 . 1 7 5 8 1 . 7 4 9 1 . 3 5 8
0 . 5 5 5 8 8 . 5 4 5 0 . 1 6 6 7 0 . 1 3 6 4 1 . 7 5 6 1.001
<*> = 3 5 2 0 = 4 . 0 0 A g = - 1 8 4 0
T A B L E ; 4 6
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 9 T e m p e r a t u r e  5 5 ° C
N o r m a l i ty  o f  T  = 0 . 1 0 0 2 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2  / f  
A 7 B
L o g  t e r m
0 , 4 5 1 5 2 3 . 9 2 0 . 9 1 6 7 0 , 7 8 1 6 1 . 7 0 0 1 . 8 1 3
0 . 4 5 6 3 2 2 . 4 4 0 . 3 3 3 3 0 . 6 6 0 0 1 . 7 0 9 1 . 7 1 5
0 . 4 5 9 0 2 0 . 8 0 0 . 7 5 0 0 0 . 5 7 2 1 1 . 7 1 9 1 . 6 2 1
0 . 4 6 5 2 1 9 . 1 8 0 . 6 6 6 7 0 . 4 8 5 1 1 . 7 2 8 1 . 6 1 8
0 . 4 7 1 6 1 7 . 3 0 0 . 5 8 3 3 0 . 4 3 6 1 1 . 7 3 7 1 . 4 3 7
0 . 4 9 5 8 1 5 . 8 3 0 . 5 0 0 0 0 . 3 6 3 4 1 . 7 4 6 1 . 4 3 7
0 . 4 9 8 2 1 4 . 0 5 0 , 4 1 6 7 0 . 3 1 0 1 1 . 7 5 4 1 . 3 2 1
0 . 5 3 0 4 1 2 . 5 3 0 . 3 3 3 3 0 . 2 5 2 5 1 . 7 6 3 1 . 2 3 7
0 . 5 4 8 9 1 0 . 6 5 0 . 2 5 0 0 0 . 2 4 3 7 1 , 7 7 0 0 . 6 3 1
0 . 5 6 5 5 9 , 3 1 0 , 1 6 6 7 0 . 1 4 3 0 1 , 7 7 8 0 . 9 1 0
w *  4 2 0 0 Ky  «  0 , 6 3 A G = 6 3 0
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T A B LE  47
C h lo rid e -o xa la te  exchange on re s in  N8 T em peratu re  55°C
N o rm a lity  o f T  = 0 .1000N
W t .  o f  r e s i n ( g . )  T  ( m is . )
x c i x c i f A / fH
L o g  t e r m
0 . 3 9 9 5 4 . 2 0 0 . 1 6 8 0 0 . 1 0 6 6 1 . 7 7 7 1 . 5 5 7
0 . 3 9 5 0 5 . 3 4 0 . 2 1 3 6 0 . 1 3 0 1 1 . 7 7 3 1.666 *
0 . 4 0 8 5 7 . 6 9 0 . 3 0 7 6 0 . 2 0 3 3 1 . 7 6 5 1 . 5 3 7
0 . 4 0 2 0 9 . 9 4 0 . 3 9 7 6 0 ,2 6 5 6 1 . 7 5 6 1 . 5 6 8
0 . 4 1 4 7 1 2 . 3 0 0 . 4 9 2 0 0 . 3 2 9 0 1 . 7 4 7 1 . 6 4 1
0 . 4 0 8 4 1 4 . 5 2 0 . 5 8 0 8 0 . 4 0 1 6 1 . 7 3 7 1 . 6 4 7
0 . 4 1 0 7 1 6 . 8 2 0 , 6 7 2 8 0 . 4 6 3 8 1 . 7 2 8 1 , 7 8 5  *
0 , 4 0 4 6 1 8 . 9 6 5 0 . 7 5 8 6 0 . 5 6 1 9 1 . 7 1 8 1 . 7 3 7
0 . 4 0 6 4 2 1 . 1 5 0 . 8 8 6 0 0 . 3 5 9 9 1 , 7 0 3 4 . 0 6 0  *
0 . 3 6 1 3 2 3 . 1 3 0 . 9 2 5 2 0 . 7 3 9 3 1 . 6 9 8 1 . 8 8 3
w a  1 2 4 0 ^  = 0 . 7 1 A g a  4 6 0
T A B L E  4 8
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 12 T e m p e r a t u r e  5 5 ° C
N o r m a l i t y  o f  T  « 0 . 1 0 0 2 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
x c i x c i f i / fB
L o g  t e r m
0 . 4 5 1 3 2 3 . 7 0 0 . 9 1 6 7 0 . 7 5 9 2 1 . 7 0 0 1 . 9 6 9
0 . 4 5 2 8 2 2 . 0 7 0 . 8 3 3 3 0 . 6 2 9 4 1 . 7 0 9 1 , 8 9 6
0 . 4 6 4 2 2 0 . 3 5 0 . 7 5 0 0 0 . 5 3 7 2 1 . 7 1 9 1 . 8 2 5
0 , 4 7 9 7 1 8 . 5 9 0 . 6 6 6 7 0 . 4 6 5 1 1 , 7 2 8 1 . 7 4 0
0 . 5 0 0 6 1 6 . 8 7 0 . 5 8 3 3 0 . 3 9 2 9 1 , 7 3 7 1 . 7 1 9
0 * 5 0 6 2 1 5 . 0 3 0 . 5 0 0 0 0 . 3 3 7 8 1 . 7 4 6 1 . 6 2 3
0 . 5 0 9 2 1 3 . 1 7 0 . 4 1 6 7 0 . 2 8 5 5 1 . 7 5 4 1 . 5 2 2
0 . 5 1 6 0 1 1 . 3 3 0 . 3 3 3 3 0 , 2 3 3 6 1 . 7 6 3 1 . 4 1 7
0 , 5 4 4 5 9 . 6 3 0 , 2 5 0 0 0 . 1 8 2 6 1 . 7 7 0 1 . 2 8 6
0 . 5 5 5 3 7 . 8 3 0 . 1 6 6 7 0 . 1 3 2 7 1 . 7 7 8 1 * 0 7 1
» a 3600 Kt  = 1,18 A G  * -210
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T A B LE  49
C h lo rid e -o xa la te  exchange on re s in  N39 T em peratu re  55°C
N o rm a lity  o f T  = 0.1002N
W t .  o f  r e s i n ( g 0) T  ( m is . )
XC 1 xC 1
f 2 / f  
A  B
L o g  t e r m
0 , 4 4 6 0 2 4 . 0 3 0 . 9 1 6 7 0 . 7 3 8 7 1 . 7 0 0 2 . 1 0 5
0 , 4 4 4 0 2 2 . 4 6 0 . 8 3 3 3 0 . 6 2 1 8 1 . 7 0 9 1 . 9 4 1
0 . 4 6 7 5 2 0 , 9 1 0 . 7 5 0 0 0 . 5 2 7 1 1 . 7 1 9 1 . 8 8 4
0 . 4 6 9 1 1 9 . 2 0 0 . 6 6 6 7 0 . 4 4 9 7 1 . 7 2 8 1 . 8 3 6
0 , 4 8 9 6 1 7 . 5 5 0 . 5 8 3 3 0 . 3 8 4 3 1 . 7 3 7 1 . 7 7 8
0 . 4 8 7 1 1 5 . 7 1 0 . 5 0 0 0 0 . 3 3 1 9 1 . 7 4 6 1 . 6 6 7
0 . 5 1 2 8 1 4 . 0 4 5 0 . 4 1 6 7 0 . 2 8 4 3 1 . 7 5 4 1 . 5 3 2
0 . 5 0 8 1 1 2 , 1 9 0 . 3 3 3 3 0 . 2 3 2 9 1 . 7 6 3 1 . 4 2 4
0 . 5 4 6 9 1 0 . 5 9 0 . 2 5 0 0 0 . 1 9 9 4 1 . 7 7 0 1 , 0 8 9
0 . 5 5 7 9 8.86 0 . 1 6 6 7 0 . 1 5 2 3 1 . 7 7 8 0 , 7 7 3
w = 5 0 2 0 K t  = 3 . 1 3 A G = - 1 5 5 0
T A B L E  5 0
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 67 T e m p e r a t u r e  5 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 2 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A 7 B
L o g  t e r m
0 . 4 4 9 6 2 3 . 9 7 0 . 9 1 6 7 0 . 7 3 2 1 1 . 7 0 0 2 . 1 4 8
0 , 4 6 7 2 2 2 . 4 7 0 . 8 3 3 3 0 . 6 0 5 9 1 . 7 0 9 2 . 0 3 4
0 . 4 8 1 1 2 0 . 8 5 0 . 7 5 0 0 0 . 5 1 2 8 1 . 7 1 9 1 , 9 6 9
0 , 4 9 1 4 1 9 . 1 9 0 . 6 6 6 7 0 , 4 2 9 7 1 . 7 2 8 1 , 9 6 3
0 . 5 0 1 0 1 7 , 4 5 0 . 5 8 3 3 0 . 3 6 6 0 1 . 7 3 7 1 , 9 0 4
0 . 5 0 8 1 1 3 . 8 4 0 . 4 1 6 7 0 , 2 5 6 9 1 . 7 5 4 1 . 7 7 2
0 . 5 1 5 0 1 2 . 0 5 0 . 3 3 3 3 0 . 2 0 4 9 1 . 7 6 3 1 . 7 1 6
0 . 5 4 3 1 1 0 . 3 7 0 . 2 5 0 0 0 . 1 6 5 6 1 . 7 7 0 1 . 5 0 2
0 .5 5 0 6 8 . 5 6 0 . 1 6 6 7 0 . 1 2 3 5 1 . 7 7 8 1 . 2 2 5
w a* 3350 K t  «  4 . 5 5 A g e  - 2 0 5 0
o-  149 -
T A B LE  51
C h lo rid e -o xa la te  exchange on re s in  N9 T em pera tu re  65 C
N o rm a lity  o f T  = 0.1G02N
W t .  o f  r e s i n ( g . ) T  ( m is . )
XC 1 XC 1 V ^ B
L o g  t e r m
0 , 4 7 1 6 2 4 . 0 4 0 . 9 1 6 7 0 , 7 6 2 1 1 . 7 2 0 1 , 9 6 1
0 . 4 7 2 5 2 2 . 5 9 0 . 8 3 3 3 0 , 6 3 7 3 1 . 7 3 0 1 . 8 6 2
0 . 4 7 2 9 21.02 0 . 7 5 0 0 0 . 5 3 6 8 1 , 7 4 0 1 , 8 4 0
0 . 4 8 3 4 1 9 . 3 5 0 . 6 6 6 7 0 . 4 6 7 7 1 . 7 5 0 1 , 7 3 7
0 . 4 7 4 8 1 7 , 5 9 5 0 . 5 8 3 3 0 ,3 9 3 8 1 . 7 6 0 1 , 7 2 6
0 , 5 1 9 0 1 6 . 0 7 0 , 5 0 0 0 0 . 3 4 5 4 1 , 7 6 9 1 . 5 7 9
0 . 5 2 2 5 1 4 , 3 0 5 0 . 4 1 6 7 0 , 2 9 3 7 1 . 7 7 7 1 . 4 6 6
0 . 5 2 9 3 1 2 . 6 4 0 . 3 3 3 3 0 . 2 2 9 1 1 . 7 8 6 1 . 4 7 5
0 , 5 4 2 0 1 0 . 9 0 0 . 2 5 0 0 0 . 1 8 8 8 1 . 7 9 3 1 . 2 2 5
0 . 5 4 9 7 9 . 1 8 5 0 . 1 6 6 7 0 . 1 3 8 2 1 , 8 0 2 0 , 9 9 7
oo = 3 8 9 0 “  0 . 7 2 A G  ~= 4 6 0
T A B L E  5 2
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 8 T e m p e r a t u r e  6 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 2 N
W t*  o f  r e s i n ( g . ) T  ( m is . ) Xcx XC 1 f 2 / fV  B L o g  t e r m
0 . 4 1 0 4 4 , 3 2 5 0 , 1 7 3 3 0 . 0 9 0 9 1 .  8 0 1 1 . 9 7 5  *
0 . 3 9 7 1 5 . 3 9 5 0 . 2 1 6 2 0 . 1 1 4 6 1 . 7 9 7 1 , 9 7 7  *
0 . 4 1 0 7 7 . 7 7 0 . 3 1 1 4 0 . 1 7 9 4 1 . 7 8 8 1 . 8 6 0
0 , 4 1 0 5 1 0 . 0 7 0 . 4 0 3 6 0 .2 3 6 6 1 . 7 7 8 1 . 8 9 1
0 . 4 2 8 6 1 2 , 4 3 0 , 4 9 8 2 0 . 3 0 7 0 1 , 7 6 9 1 , 8 6 1
0 . 4 0 2 7 1 4 . 5 7 0 . 5 8 4 0 0 . 3 6 9 3 1 . 7 6 0 1 . 8 9 8
0 . 4 0 2 2 1 6 . 8 3 0 . 6 7 4 5 0 . 4 3 9 4 1 . 7 4 9 1 . 9 6 1
0 . 3 9 6 9 1 9 . 1 0 0 . 7 6 5 5 0 .5 0 0 6 1 . 7 3 8 2 . 1 5 9  *
0 . 3 9 4 3 21.20 0 . 8 4 9 7 0 . 6 1 8 8 1 . 7 2 8 2,112
0 . 3 7 8 9 2 3 . 3 8 0 . 9 3 7 1 0 .7 0 4 X 1 . 7 1 7 2 . 6 6 1  *
a) = 2 3 8 0  ^ « 1 . 0 5 A G = - 7 0
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T A B LE  53
C h lo rid e -o xa la te  exchange on re s in  N12 T em peratu re  65°C
N o rm a lity  o f T  = 0.1000N
W t ,  o f  r e s in ( g « )  T  ( m is . )
XC 1 XC 1
L o g  t e r m
0 * 4 4 3 3 2 3 . 8 1 5 0 , 9 1 6 7 0 . 7 3 4 9 1 . 7 2 0 2 . 1 4 2
0 . 4 7 1 3 22.21 0 , 8 3 3 3 0 , 6 1 7 3 1 . 7 3 0 1 . 9 7 9
0 . 4 5 6 5 2 0 . 4 4 0 . 7 5 0 0 0 . 5 1 5 3 1 . 7 4 0 1 . 9 0 7
0 * 4 6 5 5 1 8 . 6 3 5 0 . 6 6 6 7 0 , 4 4 6 6 1 . 7 5 0 1,868
0 . 4 3 3 1 1 6 . 9 1 0 , 5 8 3 3 0 , 3 6 9 2 1 . 7 6 0 1 , 8 9 5
0 . 4 7 5 8 1 4 . 9 8 0 , 5 0 0 0 0 , 3 1 7 5 1 . 7 6 9 1 . 7 8 9
0 . 5 1 3 4 1 3 . 2 0 0 . 4 1 6 7 0 . 2 9 0 4 1 . 7 7 7 1 , 4 9 4
0 , 4 9 3 0 1 1 . 2 6 0 , 3 3 3 3 0 . 2 2 2 5 1 , 7 8 6 1 , 5 4 2
0 . 5 4 9 2 9 . 7 5 0 . 2 5 0 0 0 . 1 6 5 6 1 . 7 9 3 1 . 5 1 5
0 . 5 4 8 0 7 . 8 4 0 . 1 6 6 7 0 . 1 2 2 5 1 . 8 0 2 1 , 2 5 6
w 3 6 4 0 K j ,  -  1 . 3 7 A -G a  —4 2 0
T A B L E  5 4
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 39 T e m p e r a t u r e  6 5 ° C
N o r m a l i t y  o f  T  a 0 . 1 0 0 1 N
W t ,  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
L o g  t e r m
0 , 4 6 5 3 2 4 . 1 4 0 . 9 1 6 7 0 . 7 3 1 0 1 . 7 2 0 2 . 1 6 7
0 , 4 5 6 1 2 2 , 5 9 0 , 8 3 3 3 0 , 6 0 8 1 1 . 7 3 0 2 , 0 3 3
0 . 4 7 7 7 2 1 . 0 5 5 0 . 7 5 0 0 0 , 5 1 1 1 1 . 7 4 0 1 . 9 9 2
0 . 4 7 0 2 1 9 . 2 7 0 . 6 6 6 7 0 .4 4 0 2 1 , 7 5 0 1 . 9 0 9
0 . 4 8 8 7 1 7 , 6 2 0 . 5 8 3 3 0 ,3 7 2 3 1 , 7 6 0 1 . 8 7 3
0 . 4 9 9 0 1 5 , 8 7 0 , 5 0 0 0 0 . 3 1 8 7 1 . 7 6 9 1 . 7 8 0
0 . 5 0 8 7 1 4 . 0 9 0 , 4 1 6 7 0 . 2 7 2 4 1 . 7 7 7 1 . 6 4 7
0 . 5 1 5 0 1 2 , 1 9 0 . 3 3 3 3 0 . 2 4 5 6 1 . 7 8 6 1 . 3 1 4
0 . 5 4 5 6 1 0 . 6 5 0 . 2 5 0 0 0 , 1 8 8 3 1 . 7 9 3 1 . 2 3 0
0 . 5 5 8 0 8 , 8 0 0 . 1 6 6 7 0 . 1 6 4 9 1 . 8 0 2 0 , 6 1 3
w «  5 8 6 0 &T  = 3 . 8 5 A G a  - 1 8 8 0
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T A B LE  55
C h lo rid e -o xa la te  exchange on re s in  N67 T em peratu re  65°C
N o rm a lity  o f T  = 0.1000N
W t .  o f  r e s i n ( g . )  T  ( m is . )
C l
*•»
XC 1 f A ^ B
L o g  t e r m
0 . 4 5 5 9 2 4 . 0 3 5 0 , 9 1 6 7 0 . 7 3 1 7 1 . 7 2 0 2 , 1 6 2
0 . 4 5 4 6 2 2 . 4 7 0 . 8 3 3 3 0 .6 0 5 8 1 . 7 3 0 2 . 0 4 7
0 . 4 6 8 1 2 0 . 8 7 0 . 7 5 0 0 0 . 5 0 4 4 X .7 4 0 2 . 0 3 2
0 . 4 6 0 2 1 9 , 0 6 0 , 6 6 6 7 0 , 4 3 1 0 1 . 7 5 0 1 , 9 6 7
0 . 4 8 8 7 1 7 . 4 7 0 . 5 8 3 3 0 . 3 5 3 4 1 . 7 6 0 2 . 0 0 7
0 , 4 7 8 5 1 5 . 5 5 0 . 5 0 0 0 0 .3 0 2 4 1 . 7 6 9 1 . 9 0 9
0 . 5 0 7 4 1 3 . 8 7 0 . 4 1 6 7 0 . 2 5 5 3 1 . 7 7 7 1 . 7 9 9
0 . 5 1 1 7 1 2 . 0 6 5 0 . 3 3 3 3 0 . 2 0 1 7 1 . 7 8 6 1 , 7 6 4
0 . 5 4 5 5 1 0 , 4 5 0 . 2 5 0 0 0 . 1 5 7 4 1 . 7 9 3 1 . 6 2 6
0 . 5 5 5 9 8 . 6 2 0 . 1 6 6 7 0 , 1 2 3 4 1 . 8 0 2 1 . 2 4 0
w »  3 1 4 0 K  *  4 . 5 5  
T
A G = - 2 0 9 0
T A B L E  5 6
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 12
o
T e m p e r a t u r e  2 5  C  «C o n c e n tra t io n
N o r m a l i t y  o f  T  = 0 .X 0 0 0 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 KC 1 4 / fB
L o g  t e r m
0 . 0 9 3 3 5 . 8 3 0 . 9 1 6 7 0 .8 5 8 8 1 . 3 6 0 0 .9 6 6
0 . 0 8 8 8 5 . 4 2 0 . 8 3 3 3 0 , 6 8 7 6 1 . 3 6 7 1 . 3 2 5
0 . 0 8 5 9 4 .  96 0 . 7 5 0 0 0 ,5 8 4 6 1 . 3 7 3 1 . 3 2 3
0 . 0 9 5 3 4 . 5 4 0 . 6 6 6 7 0 .4 8 7 4 1 . 3 7 9 1 . 3 7 9
0 , 0 9 5 4 4 . 0 7 5 0 . 5 8 3 3 0 . 4 1 0 7 1 . 3 8 5 1 , 3 7 4
0 . 1 0 5 5 3 , 6 6 5 0 . 5 0 0 0 0 a3 2 9 8 1 . 3 9 2 1 . 4 5 5
0 . 1 0 8 2 3 . 2 0 0 . 4 1 6 7 0 .2 7 9 2 1 . 3 9 8 1 , 3 4 7
0 . 1 0 5 2 2 . 7 0 0 . 3 3 3 3 0 . 2 3 2 2 1 . 4 0 3 1,202
0 . 1 1 3 4 2 . 2 9 0 . 2 5 0 0 0 . 1 6 0 0 1 . 4 0 8 1 , 3 4 8
0.1101 1 . 7 7 0 . 1 6 6 7 0 . 1 3 4 1 1 . 4 1 4 0 . 8 2 0
w = - 5 0  *  0 . 0 9  A G  = 3 1 8 0
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T A B LE  g?
C h lo rid e -o xa la te  exchange on re s in  N12 T em peratu re  25°C C oncentra tion  0 ,05N
N o rm a lity  o f T  «  0.1002N
W t .  o f  r e s i n ( g 0) T  ( m is . )
F
J* a >—
<
x c i
f 2 / f
A 7 B
L o g  t e r m
0 . 2 4 3 3 2 3 . 8 7 0 . 9 1 6 7 0 . 7 3 0 9 1 « 4 9 1 2 , 0 2 5
0 . 2 4 3 3 2 2 . 2 9 0 . 8 3 3 3 0 , 5 9 5 8 1 . 4 9 9 1 . 9 6 1
0 , 2 4 3 4 2 0 . 5 7 0 , 7 5 0 0 0 . 4 9 9 4 1 . 5 0 7 1 . 9 1 8
0 . 2 4 5 9 1 8 . 7 6 0 . 6 6 6 7 0 . 4 3 2 9 1 , 5 1 5 1 . 8 1 0
0 . 2 5 0 4 1 6 . 9 7 0 . 5 8 3 3 0 , 3 6 6 9 1 . 5 2 2 1 , 7 6 6
0 . 2 4 6 3 1 5 . 0 6 0 . 5 0 0 0 0 . 3 1 1 5 1 . 5 2 9 1 . 6 9 1
0 . 2 4 9 7 1 3 . 2 1 0 . 4 1 6 7 0 , 2 6 0 9 1 . 5 3 7 1 . 6 0 3
0 . 2 4 3 3 11.22 0 . 3 3 3 3 0 . 2 1 7 0 1 , 5 4 4 1 . 4 5 3
0 . 2 4 8 2 9 . 3 5 0 . 2 5 0 0 0 . 1 7 7 4 1 . 5 5 1 1 , 2 1 7
0 . 2 4 9 7 • 7 , 4 9 0 . 1 6 6 7 0 . 1 2 5 0 1 . 5 5 8 1 . 0 6 8
«  »  3 7 3 0 K t  = 0 . 7 1 A G  »* 4 2 0
T A B L E  5 8
C h lo r id e - o x a la t e  e x c h a n g e  o n  r e s i n  N 12 T e m p e r a t u r e  2 5 ° C  C o n c e n t r a t io n
N o r m a l i t y  o f  T  = 0 . 1 0 0 1 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1 X
L o g  t e r m
0 . 5 6 9 2 3 4 , 8 9 0 . 9 1 6 7 0 .8 7 3 8 1 . 7 4 1 1 . 0 6 6
0 . 5 8 5 7 3 2 , 1 4 0 . 8 3 3 3 0 .7 9 3 6 1 , 7 4 9 0 . 8 7 1
0 . 5 8 1 6 2 9 , 4 6 5 0 . 7 5 0 0 0 . 6 9 1 7 1 . 7 5 8 0 . 9 3 6
0 . 5 8 5 5 2 6 . 6 7 0 . 6 6 6 7 0 . 6 2 0 9 1 . 7 6 6 0 . 8 4 0
0 . 5 9 1 8 2 3 . 9 3 0 , 5 8 3 3 0 .5 3 9 8 1 , 7 7 3 0 . 8 2 7
0 . 5 8 6 6 2 1 . 0 6 0 . 5 0 0 0 0 , 4 7 9 7 1 . 7 8 1 0 . 7 0 0
0 .5 7 7 6 1 8 . 2 0 0 . 4 1 6 7 0 , 4 1 2 4 1 . 7 8 7 0 . 6 0 8
0 . 5 9 0 5 1 5 , 4 5 0 . 3 3 3 3 0 , 3 4 2 2 1 . 7 9 3 0 , 5 1 8
0 . 5 7 0 7 9 , 7 2 0 , 1 6 6 7 0.2020 1 8 . 0 5 0 . 1 6 4
tt «  2 8 7 0 1 ^ ,  «  0 . 5 6
Jl A G = 7 3 0
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T A B LE  59
C h lo rid e -o xa la te  exchange on re s in  NX2 Tem peratu re  25°C C oncentra tion  G.2N
N o rm a lity  o fT  = 0.1501N
W t .  o f  r e s in ( g „ )  T  ( m is . )
a XC 1 V fB L o g  t e r m
0 . 7 6 6 5 3 0 , 9 6 0 . 9 1 6 7 0 . 8 8 0 8 1 . 8 0 1 1 , 0 2 7
0 , 7 8 9 9 2 8 . 5 3 0 . 8 3 3 3 0 .7 9 8 5 1 . 8 0 9 0 .8 6 7
0 . 8 1 4 2 2 6 . 1 0 0 . 7 5 0 0 0 . 7 2 2 1 1 . 8 1 5 0 , 7 7 8
0 . 8 0 8 7 2 3 . 5 6 5 0 , 6 6 6 7 0 ,6 6 2 7 1 , 8 2 1 0 . 6 2 4
0 . 8 2 0 2 2 1 , 1 3 0 . 5 8 3 3 0 . 5 8 6 0 1 . 8 2 7 0 . 5 8 7
0 . 7 8 7 2 1 8 . 5 5 0 . 5 0 0 0 0 . 5 2 0 9 1 . 8 3 3 0 . 4 8 1
0 . 8 5 0 6 1 6 . 2 8 0 . 4 1 6 7 0 . 4 4 0 6 1 . 8 3 8 0 . 4 5 5
0 . 8 1 0 5 1 3 . 6 7 0 . 3 3 3 3 0 . 3 7 3 0 1 . 8 4 2 0 . 3 2 4
0 . 7 7 1 0 1 1 . 0 6 0 . 2 5 0 0 0 . 2 9 9 8 1 . 8 4 6 0 . 1 8 1
0 . 8 1 1 1 8 . 7 7 0 , 1 6 6 7 0 . 2 1 7 7 1 . 8 5 1 0 . 0 1 9
w ~ 3 4 8 0 = 0 . 6 8 A G a  4 7 0
T A B L E  6 0
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 9 T e m p e r a t u r e  2 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 2 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1 fX L o g  t e r m
0 . 3 6 5 5 4 . 1 4 0 . 1 6 5 9 0 , 1 4 9 9 1 . 7 1 9 0 , 7 6 4
0 . 3 7 3 9 5 . 3 3 0 . 2 1 3 6 0 . 1 8 5 5 1 . 7 1 5 0 , 8 5 7
0 . 3 7 6 6 7 . 5 5 0 , 3 0 2 6 0 , 2 6 9 8 1 . 7 0 7 0 . 8 1 1
0 . 3 8 6 1 9 . 8 3 0 . 3 9 4 0 0 , 3 4 7 6 1 . 7 0 0 0 , 8 5 5
0 . 3 6 0 5 1 1 . 9 8 0 . 4 8 0 2 0 . 4 0 4 0 1 . 6 9 2 1 . 0 0 8
0 . 3 7 7 4 1 4 . 3 0 0 . 5 7 3 1 0 .4 8 0 5 1 . 6 8 3 1 , 0 6 9
0 . 3 7 8 0 1 6 . 5 3 0 . 6 6 2 5 0 . 5 5 6 7 1 . 6 7 4 1 . 1 3 6
0 . 3 7 4 3 1 8 . 7 3 0 . 7 5 0 7 0 , 6 3 7 0 1 , 6 6 5 1 . 2 1 4
0 . 3 9 2 4 2 0 . 9 6 0 , 8 4 0 1 0 , 7 2 6 3 1 . 6 5 6 1 . 3 3 3
0 .3 8 7 6 2 3 . 0 4 0 . 9 2 3 4 0 . 8 3 7 9 1 . 6 4 6 1 . 4 4 3
o) a  2 4 5 0 Ky  a  o , 3 5 A G a  1 3 2 0
o-  154 -
T A B LE  01
C h lo rid e -su lph a te  exchange on re s in  N12 Tem pera tu re  25 C
N o rm a lity  o f T  = 0.1001N
W t*  o f  r e s in ( g u) T  (m is * )
XC 1 XC 1 M b
L o g  t e r m
0 , 3 9 2 6 3 * 6 4 0 . 1 4 5 7 0 , 1 1 9 6 1 , 7 2 0 0 * 9 6 9
0 * 4 0 8 1 4 . 8 8 0 . 1 9 5 4 0 , 1 5 8 1 1 . 7 1 6 1 . 0 3 7
0 . 4 0 7 9 7 . 1 4 0 . 2 8 5 9 0 .2 3 9 9 1 * 7 0 9 0 .  9 4 9
0 . 3 9 3 2 9 . 3 4 0 , 3 7 4 0 0 , 3 2 0 8 1 . 7 0 2 0 * 9 2 0
0 . 3 8 9 1 1 1 . 8 3 5 0 . 4 6 5 9 0 , 3 8 8 9 1 . 6 9 3 1,022
0 . 3 9 1 9 1 3 . 9 2 0 . 5 5 7 4 0 . 4 7 1 6 1 , 6 8 4 1 . 0 3 2
0 . 3 9 8 4 1 6 . 2 5 0 . 6 5 0 6 0 , 5 4 1 0 1 . 6 7 5 1 . 1 5 8
0 . 3 9 1 7 1 8 . 5 0 0 . 7 4 0 7 0 ,6 2 4 5 1.666 1.222
0 . 3 7 9 3 2 0 . 7 0 0 , 8 2 8 8 0 .7 2 5 6 1 . 6 5 6 1 , 2 4 3
0 ,3 7 6 6 2 2 . 8 9 0 . 9 1 6 5 0 , 8 4 1 7 1 , 6 4 7 1 . 3 0 9
w = 1 2 5 0 K^, »  0 * 4 6 A c = 9 7 0
T A B L E  6 2
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 39 T e m p e r a t u r e  2 5 ° C
N o r m a l i ty  o f  T  *= o a o o iN
W t .  o f  r e s in ( g * ) T  ( m is . )
x c i XC 1
9
£ / f  
A 7 B
L o g  t e r m
0 , 3 6 2 9 4 . 0 3 0 . 1 6 1 4 0 . 1 0 6 4 1 . 7 1 9 1 . 4 3 8  *
0 . 3 7 5 1 5 , 2 6 0 , 2 1 0 6 0 . 1 4 1 3 1 * 7 1 5 1 , 4 2 2  *
0 . 4 2 0 1 7 . 8 1 5 0 . 3 1 2 9 0 , 2 1 7 3 1 . 7 0 6 1 . 3 9 4
0 . 4 0 8 4 9* 9 9 5 0 . 4 0 0 2 0 . 2 8 5 5 1 , 6 9 9 1 . 3 8 0
0 . 4 0 0 2 12.22 0 . 4 8 9 3 0 ,3 5 0 3 1 , 6 9 1 1 , 4 3 4
0 ,4 0 6 4 - 1 4 . 4 9 0 * 5 8 0 2 0 .4 2 5 5 1 , 8 8 3 1 . 4 5 4
0 , 4 0 7 0 1 6 . 7 3 0 . 6 6 9 9 0 . 5 0 0 1 1 , 6 7 3 1 . 5 1 4
0 . 3 7 0 4 1 8 . 7 8 5 0 . 7 5 2 2 0 , 5 9 0 0 1 , 6 6 5 1 . 4 9 9
0 , 3 7 5 8 2 0 . 9 7 0 , 8 3 9 6 0 . 6 9 2 8 1 , 6 5 6 1 . 5 3 8
0 . 3 6 6 2 2 3 . 0 9 0 . 9 2 4 5 0 , 8 0 5 0 1 * 6 4 6 1 * 7 2 5
w »  8 9 0 K  -  1 . 2 0  
T
A G = - 2 3 0
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T A B LE  63
C h lo ride -su lpha te  exchange on re s in  N67 T em pera tu re  25°C
N o rm a lity  o f T  = 0.1002N
W t*  o f  r e s i n ( g . )  T  ( m ls 8)
XC 1 XC 1
f 2 / f  
A 7 B
L o g  t e r m
0 . 3 9 1 0 4 . 1 3 0 . 1 6 5 5 0 . 1 0 6 2 1 , 7 1 9 1 . 4 9 7  *
0 . 4 1 0 1 5 . 3 9 5 0 . 2 1 6 2 0 , 1 4 2 7 1 . 7 1 5 1 . 4 6 0  *
0 . 4 1 1 0 7.66 0 . 3 0 7 0 0 . 2 1 2 4 1 . 7 0 7 1 . 3 9 9
0 . 4 1 2 9 9 . 9 0 0 . 3 9 6 8 0 . 2 9 0 9 1 . 7 0 0 1 . 3 1 3
0 . 4 1 5 7 1 2 . 2 2 5 0 . 4 9 0 0 0 . 3 4 5 3 1 . 6 9 1 1 , 4 7 5
0 . 4 1 7 0 1 4 . 4 6 5 0 . 5 7 9 8 0 . 4 2 1 5 1 . 6 8 3 1 . 4 7 8
0 . 4 1 7 5 1 6 , 7 0 0 . 6 6 9 3 0 .4 9 7 7 1 . 6 7 3 1 . 5 2 6
0 . 3 8 3 0 1 8 . 7 4 5 0 . 7 5 1 3 0 . 5 9 4 9 1 . 6 6 5 1 . 4 6 5
0 . 3 7 4 9 2 0 . 9 5 0 . 8 3 9 7 0 . 6 7 9 9 1 . 6 5 6 1 . 6 1 8
0 . 3 6 1 1 2 3 , 0 9 0 . 9 2 5 4 0 o 7 8 6 8 1 , 6 4 6 1 . 8 7 3  *
w = 1 1 6 0 Krj, -  2 . 2 2 A G = - 9 8 0
T A B L E  6 4
C h lo r id e - s u lp h a t e  e x o h a n g e  o n  r e s i n  N9 T e m p e r a t u r e  3 5 ° C
N o r m a li ty  o f  T  = 0 . 1 0 0 1 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A 7 B
L o g  t e r m
0 .3 9 7 8 4 . 4 1 0 . 1 7 6 6 0 . 1 4 7 2 1 . 7 3 6 0 . 9 5 1
0 . 4 1 2 8 5 . 6 5 0 , 2 2 6 2 0 . 1 8 0 4 1 . 7 3 2 1 . 0 5 9  *
0 . 4 1 4 7 7 . 8 5 0 . 3 1 4 3 0 . 2 6 1 2 1 . 7 2 4 0 . 9 9 0
0 . 4 2 3 7 1 0 , 1 4 0 . 4 0 6 0 0 . 3 2 9 4 1 . 7 1 6 1 . 0 7 9
0 . 4 1 7 3 1 2 . 3 1 0 * 4 9 2 9 0 .4 0 3 4 1 . 7 0 7 1 . 0 9 9
0 . 4 0 7 5 1 4 . 5 1 0 . 5 8 1 0 0 , 4 6 7 4 1 . 7 0 0 1 . 2 0 5
0 . 4 1 8 2 1 6 . 7 7 0 . 6 7 1 5 0 . 5 4 1 9 1 . 6 9 0 1 . 2 8 6
0 , 3 9 4 5 1 8 . 8 6 0 . 7 5 5 2 0 . 6 2 5 3 1 . 6 8 1 1 . 3 2 2
0 . 3 9 9 8 21.01 0 . 8 4 1 2 0 . 7 2 3 5 1 . 6 7 1 1 . 3 7 0
0 . 3 6 8 1 2 3 . 0 1 0 . 9 2 1 3 0 .8 4 4 8 1 . 6 6 3 1 . 3 6 1  *
«  = 1 6 4 0 K t  -  0 . 3 3 A G = 1 4 3 0
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T A B LE  65
C h lo rid e -su lpha te  exchange on re s in  N12 T em peratu re  35°C
N o rm a lity  o f T  -  0.10QN
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A  B
L o g  t e r m
Oo 3 9 2 4 3 . 6 6 0 . 1 4 6 5 0 . 1 1 1 8 1 . 7 3 8 1 . 1 3 5
0 . 3 9 3 5 4 . 8 3 0 . 1 9 3 4 0 . 1 4 3 2 1 . 7 3 4 1.212
0 . 4 1 2 8 7 . 2 2 0 . 2 8 9 1 0 , 2 2 0 9 1 . 7 2 6 1 . 1 7 6
0 , 4 1 4 5 9 . 4 9 0 . 3 8 0 0 0 . 3 0 3 4 1 . 7 1 8 1 . 1 0 8
0 . 4 1 3 1 1 1 . 0 8 0 . 4 7 2 5 0 . 3 6 6 7 1 . 7 0 9 1 . 2 2 6
0 , 4 2 9 1 1 4 . 1 3 0 . 5 6 5 8 0 . 4 4 6 7 1 . 6 9 9 1 . 2 4 6
0 . 4 1 9 7 1 6 . 3 5 5 0 . 6 5 4 9 0 . 5 2 8 2 1 . 6 9 1 1 . 2 6 8
0 . 4 1 1 8 1 8 . 6 0 0 . 7 4 4 7 0 . 6 0 7 7 1 . 6 8 3 1 . 3 5 6
0 . 3 9 4 0 2 0 . 8 1 0 . 8 3 3 2 0 . 6 9 5 5 1 . 6 7 2 1 . 4 7 8
0 . 3 6 7 9 2 2 , 9 3 0 . 9 1 8 1 0 . 8 2 2 2 1 . 6 6 3 1 . 5 0 4
W a  1 3 2 0 a  0 . 5 6 A G a  7 5 0
T A B L E  6 6
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 39 T e m p e r a t u r e  3 5 ° C
N o r m a li ty  o f  T  = 0 . 1 0 0 2 N
W t .  o f r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f
a 7 I b
L o g  t e r m
0 . 3 8 8 2 4 . 2 5 0 . 1 7 0 3 0 . 0 9 7 3 1 . 7 3 7 1 . 7 5 7
0 . 3 9 9 9 5 . 4 7 0 . 2 1 9 2 0 . 1 3 1 7 1 , 7 3 2 1 . 6 7 5
0 . 4 2 1 1 7 . 8 9 0 . 3 1 6 2 0 . 1 9 6 2 1 . 7 2 4 1 , 6 6 1
0 , 4 1 9 6 1 0 . 1 6 5 0 . 4 0 7 4 0 ,2 5 4 5 1 . 7 1 6 1 , 7 1 0
0 . 4 0 5 1 1 2 . 3 6 0 . 4 9 5 4 0 . 3 1 4 3 1 . 7 0 7 1 . 7 5 2
0 . 4 1 3 5 1 4 , 6 5 0 . 5 8 7 2 0 , 3 8 6 1 1 . 6 9 9 1 . 7 6 5
0 . 4 1 8 2 1 6 . 9 1 0 . 6 7 7 8 0 ,4 5 8 6 1 . 6 8 9 1 . 8 2 4
0 . 3 7 9 7 1 8 . 9 8 0 . 7 6 0 7 0 . 5 3 4 3 1 , 6 8 1 1 . 8 9 1
0 . 3 7 3 2 2 1 . 1 4 0 , 8 4 7 3 0 , 6 3 1 0 1 . 6 7 1 1 , 9 8 5
0 . 3 7 5 1 2 3 . 2 4 0 . 9 3 1 5 0 . 7 5 5 8 1 . 6 6 1 2 . 1 9 6  *
w «  1 7 6 0  K  = 2 . 1 2  A G  a  - 9 5 0  
T
-  : i5 7  -  
T A B L E  6 7
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 67 T e m p e r a t u r e  3 5 ° C
N o r m a l i t y  o f  T  =■ 0 . 1 0 0 1 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1 M b
L o g  t e r m
0 . 3 6 7 4 4 . 0 0 0 . 1 6 0 2 0 . 0 9 3 1 1 . 7 3 7 1 . 7 1 5  *
0 , 3 9 6 8 5 , 3 5 5 0 . 2 1 4 4 0 , 1 2 7 8 1 . 7 3 3 1 . 6 8 9  *
0 . 4 2 2 5 7 . 7 9 0 , 3 1 1 9 0 , 1 9 8 8 1 , 7 2 4 1 . 5 9 8
0 . 3 8 9 2 9 . 8 8 5 0 . 3 9 5 8 0 . 2 5 5 5 1 . 7 1 7 1 . 6 2 5
0 . 4 1 1 8 1 2 . 2 9 0 . 4 9 2 1 0 .3 2 3 6 1 . 7 0 8 1 , 6 6 0
0 . 4 2 3 0 1 4 . 5 9 5 0 . 5 8 4 4 0 .3 9 6 6 1 . 6 9 9 1 . 6 7 8
0 . 4 0 4 1 1 6 . 7 6 0 . 6 7 1 1 0 . 4 8 8 0 1 . 6 9 0 1 . 7 2 6
0 . 4 0 5 7 1 8 . 9 7 0 . 7 5 9 6 0 . 5 5 5 9 1 . 6 8 1 1 . 7 5 7
0 . 3 8 7 5 21,11 0 * 8 4 5 2 0 . 6 4 6 8 1 . 6 7 1 1 . 8 7 4
0 . 3 7 2 2 2 3 . 2 1 0 . 9 2 9 3 0 , 7 6 1 7 1 . 6 6 1 2.121 *
w «  1 3 9 0 K t  = 2 . 9 4 A G = - 1 3 9 0
T A B L E  6 8
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 9 T e m p e r a t u r e  4 5 ° C
N o r m a l i ty  o f  T  ~ 0 .1 0 0 0 N
W t .  o f  r e s i n ( g . )  T  ( m is . ) xci XC ! f 2 / fA 7 B L o g  t e r m
0 . 3 8 6 6 4 . 4 0 0 , 1 7 6 0 0 . 1 2 6 5 1 , 7 5 5 1 . 2 8 2  *
0 . 4 1 1 4 5 . 6 7 0 . 2 2 6 8 0 , 1 7 3 9 1 . 7 5 1 1 , 1 5 8
0 . 4 1 2 2 7 , 9 1 5 0 , 3 1 6 6 0 . 2 4 1 8 1 . 7 4 3 1 . 1 9 8
0 . 4 1 3 6 1 0 . 1 6 0 . 4 0 6 4 0 . 3 1 0 5 1 . 7 3 5 1 , 2 3 9
0 . 4 0 0 6 1 2 . 3 4 0 . 4 9 3 6 0 . 3 7 3 8 1 . 7 2 6 1 , 3 1 5
0 . 4 3 2 4 1 4 , 7 3 0 . 5 8 9 2 0 . 4 4 7 1 1 . 7 1 8 1 . 3 9 0
0 . 4 1 3 0 1 6 . 8 6 0 . 6 7 4 4 0 . 5 1 7 2 1 . 7 0 7 1 . 4 6 0
0 .4 0 6 6 1 9 . 0 4 0 . 7 6 1 6 0 . 5 9 3 9 1 . 6 9 9 1 . 5 5 9
0 . 3 9 1 0 2 1 . 1 3 0 . 8 4 5 2 0 . 6 9 0 2 1.688 1 . 6 2 3
0 . 3 7 9 5 2 3 . 2 1 0 , 9 2 8 4 0 . 7 9 9 4 1 . 6 7 9 1 . 8 4 7  *
w = 2 4 3 0  Kt  = 0 . 4 9  A G  = 9 4 0
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T A B L E  6 9
C h lo r id e - s u lp h a t e  e x c h a n g e  r e s i n  N 12  T e m p e r a t u r e  4 5 ° C  
N o r m a li ty  o f  T  = 0 , 1 0 0 0  N
W t ,  o f  r e s i n ( g , )  T  ( m is . )
x c i
x _
C l
f 2 / f  
A 7 B
L o g  t e r m
0 o4 0 5 6 3 . 8 4 0 . 1 5 3 6 0 , 0 7 7 9 1 . 7 5 8 2 . 0 0 8  *
0 . 4 0 0 5 4 . 9 2 0 . 1 9 6 8 0 . 1 2 7 4 1 . 7 5 4 1 , 5 1 4
0 , 4 0 4 0 7 . 2 5 0 , 2 9 0 0 0 . 1 9 5 8 1 . 7 4 6 1 . 4 6 8
0 , 4 0 4 8 9 . 6 4 5 0 . 3 8 5 8 0 . 2 3 4 8 1 . 7 3 7 1 . 7 6 5  *
0 . 4 1 0 0 1 1 . 9 1 0 . 4 7 6 4 0 , 3 2 7 3 1 . 7 2 8 1 . 5 4 8
0 . 4 0 9 8 1 4 . 1 5 0 . 5 6 6 0 0 . 4 1 8 6 1 . 7 1 9 1 . 4 3 8
0 . 4 0 6 4 1 6 . 4 3 0 . 6 5 7 2 0 . 4 9 1 9 1 . 7 0 9 1 . 5 0 9
0 . 4 0 8 7 1 8 . 6 8 0 . 7 4 7 2 0 . 5 8 3 1 1 . 7 0 0 1 . 5 2 7
0 . 3 9 4 2 2 0 . 9 1 0 . 8 3 6 4 0,6666 1 . 6 9 0 1 . 6 9 0
0 . 3 9 0 9 2 3 . 0 7 0 . 9 2 2 8 0 .7 8 9 4 1 , 6 8 0 1 . 8 3 4
©©i?!3 *  0 . 5 8
I A o
= 7 1 0
T A B L E  7 0
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 39 T e m p e r a t u r e  4 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 0 N
W t .  o f  r e s i n ( g . )  T  ( r o la . )
x c i XC 1 X L o g  t e r m
0 , 3 7 8 0 4 . 2 0 5 0 . 1 6 8 2 0 . 0 8 9 4 1 . 7 5 6 1 . 9 1 8  *
0 . 4 0 8 5 5 . 5 8 0 . 2 2 3 2 0 . 1 2 1 7 1 . 7 5 1 1 . 8 9 6  *
0 . 4 1 2 1 7 . 8 4 0 . 3 1 3 6 0 . 1 9 7 3 1 . 7 4 3 1 . 6 4 0
0 . 4 1 4 6 1 0 , 1 5 0 . 4 0 6 0 0 . 2 5 5 5 1 . 7 3 5 1 . 7 0 3
0 .4 0 7 6 1 2 . 3 3 0 . 4 9 5 2 0 . 3 1 9 9 1 . 7 2 6 1 . 7 1 8
0 , 4 0 4 2 1 4 . 6 3 0 . 5 8 5 2 0 . 3 8 6 2 1 . 7 1 7 1 . 7 6 4
0 , 4 0 8 7 1 6 . 8 8 0 . 6 7 5 2 0 . 4 6 4 2 1 . 7 0 7 1 . 7 8 5
0 . 4 1 0 4 1 9 . 1 3 5 0 . 7 6 5 4 0 . 5 3 5 9 1 . 6 9 8 1 . 9 2 4
0 . 4 1 3 9 2 1 . 2 6 0 . 8 5 0 4 0 . 6 4 5 4 1.688 1 . 9 3 8
0 . 4 0 4 3 2 3 . 2 6 0 . 9 3 0 4 0 . 7 8 1 0 1 . 6 7 9 2 . 0 1 4
w *  7 2 0  »  1 . 6 4  A G  = - 1 2 2 0
-  159 -
T A B L E  7 1
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 67  T e m p e r a t u r e  4 5 ° C  
N o r m a l i t y  o f T  = 0 .  0 9 9 9 N
W t*  o f  r e s i n ( g . ) T  ( m i s . )
XC 1 XC 1
f 2 / f L o g  t e r m
0 . 4 0 9 5 4 . 3 4 0 . 1 7 3 4 0 . 0 8 8 3 1 . 7 5 5 2.011 *
0 . 4 0 7 1 5 . 4 6 5 0 . 2 1 8 4 0 . 1 2 0 4 1 . 7 5 2 1 . 8 7 0  *
0 . 4 0 8 2 7 . 7 7 0 . 3 1 0 5 0 . 1 8 1 3 1 , 7 4 4 1 . 8 0 4
0 . 4 1 2 1 1 0 . 0 6 5 0 . 4 0 2 2 0 . 2 4 9 9 1 , 7 3 5 1 . 7 3 0
0 . 4 1 2 8 1 2 . 3 4 5 0 . 4 9 3 3 0 . 3 1 6 3 1 . 7 2 6 1 . 7 3 5
0 . 4 1 0 1 1 4 . 6 2 0 . 5 8 4 2 0 . 3 7 8 8 1 , 7 1 7 1 . 8 0 8
0 . 4 0 5 5 1 8 . 8 2 0 . 6 7 2 1 0 , 4 6 2 0 1 . 7 0 8 1 . 7 8 1
0 . 4 1 2 7 1 9 . 0 4 0 . 7 6 0 8 0 . 5 5 4 1 1 . 6 9 9 1 . 7 8 7
0 , 4 1 2 1 2 1 , 2 2 5 0 . 8 4 8 2 0 . 6 4 6 8 1.688 1 . 9 1 1
0 . 3 8 3 5 2 3 . 2 4 0 . 9 2 8 7 0 . 7 7 3 9 1 . 6 7 9 2 , 0 3 7
o>= 2 9 0 K^, a  2 . 5 0 A G a  - 1 2 2 0
T A B L E  7 2
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 9 T e m p e r a t u r e  5 5 ° C
N o r m a l i t y  o f  T  a 0 .0 9 9 7 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1 fX L o g  t e r m
0 . 3 9 5 1 4 . 5 2 0 , 1 8 0 3 0 . 1 1 6 4 1 . 7 7 6 1 . 5 2 5  *
0 .4 0 9 2 5 . 7 5 5 0 . 2 2 9 5 0 . 1 5 1 7 1 . 7 7 2 1 . 4 9 8  *
0 . 4 0 6 1 7 . 9 4 0 . 3 1 6 6 0 . 2 3 0 1 1 . 7 6 4 1 . 3 2 5
0 . 4 0 1 5 1 0 . 2 3 5 0 . 4 0 8 2 0 . 2 7 7 9 1 . 7 5 5 1 . 5 3 1
0 . 4 0 5 4 1 2 . 4 8 0 . 4 9 7 7 0 . 3 5 4 1 1 . 7 4 6 1 . 4 9 0
0 , 4 1 5 2 1 4 . 7 7 0 . 5 8 9 0 0 . 4 2 5 3 1 . 7 3 7 1 . 5 3 9
0 .4 0 4 4 1 6 . 9 1 0 . 6 7 4 4 0 . 5 0 7 1 1 . 7 2 8 1 . 5 3 1
0 . 4 1 2 8 1 9 . 1 2 0 . 7 6 2 5 0 . 5 9 4 2 1 . 7 1 7 1 . 5 7 6
0 . 4 0 9 7 2 1 . 2 4 0 . 8 4 7 1 0 .6 9 2 2 1 . 7 0 7 1 . 6 3 8
0 , 4 0 7 9 2 3 . 2 6 0 . 9 2 7 8 0 . 8 1 8 6 1 . 6 9 8 1 . 6 9 8
co a  8 6 0  K  a  0 . 4 0  A G  a  1 2 6 0
T
-  160 -
T A B LE  73
C h lo ride -su lph a te  exchange on re s in  N12 T em pera tu re  55°C
N o rm a lity  o f T  = 0.1000N
W t, of re s in (g .) T  (m is.)
XC1 XC1 M b
Lo g  term
0.4005 3.89 0,1556 0.0481 1.779 3,043 *
0.4029 4.98 0.1992 0.1111 1,775 1,845 *
0,4133 7.315 0.2926 0.1912 1.767 1.554
0.4085 9.61 0.3844 0.2541 1.758 1.584
0.4030 11.83 0.4732 0.3443 1.749 1.414 *
0.4117 14.25 0,5700 0,3862 1.739 1.688
0,4129 16.51 0.6604 0.4719 1.729 1,661
0.4051 18.76 0.7504 0.5509 1.719 1.748
0.4053 20.93 0.8372 0.6687 1,708 1.696
0.4038 23.06 0.9224 0.7097 1,699 1.763
u> =  -2070 K t  =  0.44 A  o =  1120
T A B L E  74
Chloride-sulphate exchange on re s in  N39 Tem perature 55°C
N orm ality  of T  = 0.0998N
Wt, of re sin (g .) T  (m is.)
XC! XC1 M b
Lo g  te rm
0.4104 4 .50 0.1796 0.0801 1.776 2.304 *
0.4024 5.575 0.2226 0.1131 1,773 2.058 *
0.4017 7.865 0,3140 0.1738 1.765 1.937
0.4042 10.21 0.4076 0.2249 1.755 2.021
0.4181 12.53 0.5002 0,3021 1.746 1.900
0.4042 14,73 0.5880 0.3658 1,737 1.933
0,4244 17.03 0.6798 0.4522 1.727 1.899
0.4118 19.19 0.7661 0.5328 1.717 1.959
0.4086 21,23 0.8495 1,6472 1.707 1,931
0.4059 23.355 0.9323 0.7680 1.697 2,149
w =  -350 K t  =  1.54 A G  «=* -580
T A B L E  75
o
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 67  T e m p e r a t u r e  5 5  C  
N o r m a li ty  o f  T  -  0 , 0 9 9 9 N
-  161 ~
W t„  o f  r e s i n ( g . )  T  ( m is . )
XC 1 xci f 2 / f  A 7 B L o g  t e r m
0 , 4 0 1 3 4 . 2 9 0 , 1 7 1 4 0 . 0 8 4 7 1 , 7 7 7 2 , 0 8 4  *
0 . 4 1 1 4 5 . 5 3 5 0.2212 0 . 1 0 9 0 1 , 7 7 3 2.122 *
0 . 4 0 5 4 7 . 7 7 0 . 3 1 0 5 0 , 1 7 5 8 1 . 7 6 5 1 , 8 8 7
0 ,4 0 4 5 1 0 . 0 6 5 0 , 4 0 2 2 0 , 2 3 5 8 1 . 7 5 5 1 , 8 7 7
0 , 4 0 3 9 1 2 . 3 3 0 . 4 9 2 7 0 . 3 0 5 7 1 , 7 4 7 1 . 8 2 6
0 ,4 0 5 7 1 4 . 6 2 0 . 5 8 4 2 0 . 3 7 2 1 1 . 7 3 7 1 . 8 6 7
0 . 4 1 7 9 1 6 . 9 2 0 . 6 7 6 1 0 . 4 4 9 0 1 . 7 2 7 1 . 8 9 7
0 .4 0 6 6 1 9 . 0 7 0 , 7 6 2 0 0 , 5 3 8 5 1 , 7 1 7 1 . 8 9 8
0 , 4 0 1 4 2 1 . 2 0 5 0 , 8 4 7 4 0 , 6 4 3 2 1 , 7 0 7 1 . 9 3 6
0 .4 0 0 4 2 3 . 2 6 5 0 . 9 2 9 7 0 . 7 7 5 9 1 . 6 9 8 2 , 0 5 0
«  «  - 1 7 0 K t  «  2 . 5 0 A G = - 1 2 4 0
T A B L E  76
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 9 T e m p e r a t u r e  6 5 ° C
N o r m a l i t y  o f  T  = 0 . 1 0 0 0 N
W t .  o f r e s i n ( g „ )  T  ( m is . ) xci XC 1 f 2 / f A 7 B L o g  t e r m
0 .4 0 6 6 4 . 6 6 0 . 1 8 6 4 0 , 1 0 0 9 1 , 8 0 0 1 . 9 1 6  *
0 , 4 0 4 9 5 . 8 3 5 0 . 2 3 3 4 0 . 1 1 7 0 1 . 7 9 5 2 , 1 0 9  *
0 . 4 0 8 9 8 , 0 4 0 . 3 2 1 6 0 , 2 0 2 9 1 . 7 8 7 1 . 6 6 2
0 , 4 1 3 1 1 0 . 3 7 0 . 4 1 4 8 0 , 2 5 5 2 1 . 7 7 7 1 , 7 8 8
0 , 4 0 1 7 1 2 . 5 1 0 . 5 0 0 4 0 , 3 3 0 1 1 . 7 6 9 1 , 6 9 5
0 , 4 1 0 3 1 4 . 8 7 0 . 5 9 4 8 0 C.3 8 0 7 1 . 7 5 9 1 . 8 8 1
0 . 4 1 7 3 1 7 . 0 7 0 . 6 8 2 8 0 ,4 6 8 2 1 , 7 4 8 1 , 8 3 0
0 , 4 1 2 3 1 9 . 3 0 0 . 7 7 2 0 0 . 5 3 1 9 1 . 7 3 8 2 . 0 1 7
0 . 4 0 1 6 2 1 , 2 8 0 , 8 5 1 2 0 . 6 5 8 3 1 . 7 2 8 1 . 8 9 2
0 , 4 1 0 9 2 3 , 3 4 0 ,9 3 3 6 0 . 7 8 0 8 1 . 7 1 7 2 . 0 9 3
w = 5 6 0 A G = 8 9 0
o- 162 -
T A B LE  77
C h lo rid e -su lpha te  exchange on re s in  N12 Tem peratu re  65 C
N o rm a lity  o f T  a  0,1000N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC1 XC1
f 2  / f L o g  t e r m
0 , 3 8 1 7 3 . 6 8 0 . 1 4 7 2 0 . 0 8 0 7 1 . 8 0 3 1 . 8 6 7  *
0 . 3 9 6 3 4 . 9 9 0 . 1 9 9 6 0 .0 9 2 7 1 . 7 9 9 2 . 2 4 6  *
0 , 3 9 3 6 7 , 2 4 0 .2 8 9 6 0 . 1 7 8 2 1 . 7 9 0 1 . 6 9 9
0 . 3 8 0 3 9 , 5 0 0 . 3 8 0 0 0 ,2 4 0 6 1 , 7 8 1 1 . 6 9 4
0 . 3 9 2 4 1 1 . 8 8 5 0 . 4 7 5 4 0 . 3 0 6 3 1 . 7 7 1 1 , 7 3 0
0 , 3 9 3 8 1 4 , 2 3 0 . 5 6 9 2 0 .3 6 5 6 1 . 7 6 1 1 , 8 3 8
0 . 3 9 3 6 1 6 , 5 1 0 . 6 6 0 4 0 . 4 4 6 0 1 . 7 5 1 1 , 8 3 5
0 , 3 9 0 1 1 8 . 7 5 5 0 . 7 5 0 2 0 , 5 3 5 4 1 . 7 4 0 1 , 8 4 9
0 .3 9 8 6 2 0 . 9 8 0 , 8 3 9 2 0 . 6 4 5 0 1 . 7 3 0 1.866
0 . 3 7 4 1 2 3 . 0 6 0 . 9 2 2 4 0 , 7 8 3 8 1 . 7 1 9 1 , 9 9 2
co «  - 2 1 0 K  a  0 . 7 0  
T
A G «  4 9 0
T A B L E  7 8
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  N 39 T e m p e r a t u r e  6 5 ° C
N o r m a l i ty  o f  T  a 0 . 1 0 0 0 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
C l XC1
L o g  t e r m
0 . 3 9 0 2 4 . 3 6 0 , 1 7 4 4 0 . 0 7 1 6 1 . 8 0 1 2 . 4 8 6  *
0 .3 9 8 4 5 . 6 1 0» 2 2 4 4 0 . 0 9 0 7 1 . 7 9 7 2 . 5 5 6  *
0 ,4 0 0 4 7 . 8 7 0 . 3 1 4 8 0 , 1 6 5 1 1 . 7 8 8 2 , 0 7 0
0 . 4 0 8 1 1 0 . 2 8 0 . 4 1 1 2 0 . 2 0 6 5 1 . 7 7 7 2 , 2 5 1  *
0 . 3 8 6 4 1 2 . 4 2 5 0 , 4 9 7 0 0 , 2 6 9 0 1 . 7 6 9 2 , 1 7 2
0 . 3 8 8 8 1 4 . 7 1 5 0 , 5 8 8 6 0 .3 3 6 4 1 . 7 5 9 2 . 1 6 2
0 . 3 9 2 9 1 6 . 9 1 0 , 6 7 6 4 0 .4 3 3 7 1 . 7 4 9 2 , 0 0 7
0 . 3 9 8 7 1 9 , 1 6 0 , 7 6 6 4 0 . 5 1 5 0 1 . 7 3 8 2 . 0 7 9
0 , 4 0 1 8 2 1 . 3 2 0 . 8 5 2 8 0 . 6 1 7 3 1 . 7 2 8 2 . 1 4 9
0 . 3 8 4 9 2 3 . 3 6 0 , 9 3 4 4 0 . 7 3 9 7 1 . 7 1 7 2 , 3 8 6
co a  -770 ^  = 1 . 7 2 A G a  - 7 7 0
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T A B LE  79
C h lo rid e -su lph a te  exchange on re s in  N67 Tem pera tu re  65°C
N o rm a lity  o f T  = 0.1001N
W t .  o f  r e s i n ( g , ) T  ( m i s . )
XC 1 XC 1 M b L o g  t e r m
0 .3 7 8 3 4 . 1 5 5 0 . 1 6 6 4 0 , 0 6 9 6 1 . 8 0 2 2 . 4 4 3  *
0 . 3 9 0 9 5 , 4 4 0 . 2 1 7 8 0 .0 8 8 3 1 , 7 9 7 2 . 5 4 5  *
0 .4 0 0 2 7 . 7 7 0 . 3 1 1 1 0 . 1 6 0 2 1 . 7 8 8 2 . 1 0 7
0 .3 9 7 4 10.11 0 . 4 0 4 8 0 , 2 0 2 3 1 , 7 7 8 2 . 2 5 6
0 , 4 0 0 2 1 2 . 4 0 0 , 4 9 6 5 0 . 2 7 0 7 1 . 7 6 9 2 , 1 5 4
0 , 3 9 8 2 1 4 , 6 6 0 . 5 8 7 0 0 , 3 3 9 2 1 . 7 6 0 2 , 1 3 1
0 . 3 7 7 4 1 6 . 8 1 0 . 6 7 3 1 0 . 4 1 4 3 1 . 7 4 9 2 . 1 1 3
0 . 4 0 4 7 1 9 . 1 5 5 0 . 7 6 7 0 0 . 4 9 9 5 1 . 7 3 8 2 . 1 7 5
0 . 3 8 7 1 2 1 . 2 4 0 , 8 5 0 4 0 , 6 0 5 8 1 . 7 2 8 2 . 1 9 5
0 ,3 9 5 4 - 2 3 . 3 8 0 . 9 3 6 1 0 , 7 2 3 6 1 . 7 1 7 2 , 5 2 1  *
a) = - 1 7 0 -  3 . 4 5 AG = - 1 7 3 0
T A B L E  8 0
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  15 T e m p e r a t u r e  2 5 ° C
N o r m a l i ty  o f  T  =* G .1 0 0 0 N
W t .  o f  r e s i n ( g , )  T  ( m is . ) xci XC 1 f 2 / f  A 7 B L o g  t e r m
0 , 4 0 0 0 3 , 7 1 0 , 1 4 8 4 0 . 1 8 6 2 1 . 7 2 0 0 . 0 4 3
0 * 4 0 8 0 4 . 8 6 0 , 1 9 4 4 0 .2 3 4 6 1 . 7 1 7 0 . 1 1 3
0 . 4 2 0 0 7 . 1 2 0 , 2 8 4 8 0 . 3 3 2 1 1 . 7 0 9 0 . 1 6 0
0 , 4 0 7 3 9 . 3 2 0 . 3 7 2 8 0 , 4 0 8 7 1 , 7 0 2 0 . 2 8 8
0 , 4 1 4 5 1 1 , 6 2 0 . 4 0 4 8 0 , 4 8 2 9 1 . 6 9 3 0 . 4 1 6
0 , 4 1 1 6 1 3 , 8 7 0 . 5 5 4 8 0 .5 5 9 6 1 . 6 8 4 0 . 4 9 4
0 , 4 2 2 2 1 6 . 1 7 0 , 6 4 6 8 0 . 6 3 3 3 1 , 6 7 6 0 . 5 9 6
0 , 4 1 1 3 1 8 . 4 1 0 , 7 3 6 4 0 . 7 0 7 2 1 . 6 6 7 0 .6 9 6
0 , 4 1 8 8 2 0 . 6 9 0 . 8 2 7 6 0 . 7 8 2 0 1 . 6 5 7 0 , 5 8 3
0 , 4 1 2 4 22.86 0 . 9 1 4 4 0 . 8 8 4 5 1 . 6 4 7 0 , 8 6 5
w = 3 1 5 0 «  0 . 2 0 AG 22 1 9 9 0
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TABU S 81
C h lo ride -su lpha te  exohange on re s in  19 T em peratu re  25°C
N o rm a lity  o f T  -  Q.1Q01N
W t .  o f  r e s i n ( g . )  T  ( m is . ) xci x _ ,C l f 2 / f  A  B L o g  t e r m
0 . 4 0 9 1 3 . 8 1 5 0 , 1 5 2 8 0 , 1 5 1 5 1 . 7 2 0 0 , 5 6 1
0 , 4 0 7 1 4 , 9 5 0 , 1 9 8 2 0 . 1 8 5 1 1 , 7 1 6 0 . 6 9 3
0 . 4 1 4 2 7 . 2 2 9 . 2 8 9 1 0 , 2 7 3 4 1 . 7 0 8 0 . 6 7 0
0 , 4 1 0 4 9 . 4 5 0 . 3 7 8 4 0 , 3 5 4 8 1 . 7 0 1 0 . 6 9 7
0 , 4 0 7 1 1 1 , 7 3 0 . 4 6 9 7 0 , 4 2 1 8 1 . 6 9 3 0 , 8 2 7
0 . 4 0 8 1 1 4 . 0 0 0 ,5 6 0 6 0 . 4 9 8 7 1 , 6 8 4 0 . 8 8 7
0 . 4 1 4 2 1 6 , 2 7 0 . 6 5 1 5 0 , 5 8 0 3 1 . 6 7 5 0 . 9 3 3
0 . 4 1 0 0 1 8 , 5 0 5 0 . 7 4 0 9 0 . 6 6 2 7 1,666 0 . 9 9 8
0 , 4 1 3 4 2 0 , 7 2 0 , 8 2 9 6 0 , 7 5 7 9 1 , 6 5 6 1 . 0 3 7
0 ,4 0 5 2 2 2 . 8 4 0 , 9 1 4 5 0 . 8 7 9 0 1 . 6 4 7 0 , 9 2 6
os> = 1 4 6 0 = 0 . 2 8 A G = 1 5 5 0
T A B L E  8 2
C h lo r id e - s u lp h a t e  e x c h a n g e  o n  r e s i n  1 1 2 T e m p e r a t u r e  2 5 ° C
N o r m a l i ty  o f  T  « 0 . 1 0 0 0 N
W t .  o f  r e s i n ( g . )  T  ( m is . )
XC 1 XC 1
f 2 / f  
A 7 B
L o g  t e r m
0 , 4 0 8 8 4 , 2 0 0 , 1 6 8 0 0 , 1 2 5 6 1 . 7 1 9 1 . 1 7 4  *
0 , 4 0 9 1 5 . 3 3 0 , 2 1 3 2 0 . 1 6 1 8 1 . 7 1 5 1 . 1 5 5  *
0 . 4 1 3 9 7 . 5 8 0 , 3 0 3 2 0 , 2 4 4 7 1 . 7 0 7 1 , 0 4 5
0 , 4 1 1 4 9 . 8 3 0 . 3 9 3 2 0 . 3 1 3 7 1 . 7 0 0 1 . 1 0 5
0 , 4 0 3 0 1 2 , 0 5 0 . 4 8 2 0 0 .3 8 3 6 1 . 6 9 1 1 , 1 5 6
0 . 4 0 6 1 1 4 , 3 3 0 , 5 7 3 2 0 . 4 5 3 9 1 , 6 8 3 1 . 2 3 3
0 , 4 0 4 7 1 6 . 5 6 0 . 6 6 2 4 0 . 5 3 2 9 1 . 6 7 4 1 . 2 7 5
0 , 4 0 2 4 1 8 , 8 0 0 , 7 5 2 0 0 . 6 0 8 5 1 . 6 6 5 1 . 3 9 0
0 , 4 1 6 9 2 0 . 9 2 0 . 8 3 6 8 0 ,7 3 2 6 1 , 6 5 5 1 , 2 6 4  *
0 . 4 0 8 8 2 3 , 0 8 0 . 9 2 3 2 0 . 8 2 7 2 1 , 6 4 6 1 . 5 2 9
w = 1 2 3 0 -  0 . 4 5 Ag = 9 8 0
TABLE 83
Chloride-sulphate exchange on resin 15 Temperature 35°C
Normality of T « 0.0998N
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Wt. of resin(g. ) T (mis.) XC1 XC1 f2/ f  A B Log term
0.4074 3,94 0.1573 0.1289 1.737 0.984 *
0,4170 5,01 0,2000 0.2067 1.734 0,476
0.4059 7.21 0.2878 0.2843 1.726 0,576
0,4067 9,43 0,3764 0,3782 1,718 0.529
0,4186 11.755 0.4693 0,4527 1,710 0.639
0.4074 14,01 0.5593 0,5187 1.702 0.770
0.4058 16.26 0.6491 0.5998 1.692 0.816
0,4191 18,555 0.7407 0.6786 1,683 0.910
0,4108 20.76 0*8287 0.7686 1.673 0.966
0.4065 22,91 0.9146 0.8815 1.663 0,910 *
co a 1020 ICT = 0.18 AG a 2180
TABLE 84
Chloride-sulphate exchange on resin 19 Temperature 35°C
Normality of T = 0.0999N
Wt* of resin(g.) T (mis.) XC1 XC1 f2 / fA/JB Log term
0.4112 4.02 0,1606 0,0910 1.737 1.769
0.4161 5.10 0.2038 0.1573 1,734 1.125
0.4052 7.305 0.2919 0.2337 1.726 1,070
0.4163 9.63 0.3848 0,3117 1.718 1.075
0.4038 11,865 0.4741 0,3798 1.709 1,145
0.4108 14,17 0,5662 0.4553 1.701 1.195
0.4031 16.39 0,6549 0.5395 1.691 1.202
0,4113 18,65 0.7453 0,6283 1.683 1.239
0.4214 20.89 0.8348 0.7213 1.672 1.329
0,4037 23,05 0.9211 0,8236 1.663 1.536.
CO a  220 a 0.34 AG a 1370
TABLE 85
Chloride-sulphate exchange on resin 112 Temperature 35°C
Normality of T = 0 .999N
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Wt of resin(g.) T (mis.) XC1 XC1 M b Log term
0.4125 4.28 0.1710 0.1112 1.736 1,483 *
0,4131 5.415 0.2164 0.1465 1.733 1,415 *
0.4219 7,73 0,3089 0,2181 1.725 1,364
0,4042 9.895 0.3954 0,2850 1,717 1,363
0.4117 12,18 0.4867 0.3619 1.708 1,345
0,4063 14,43 0,5766 0.4287 1.700 1,423
0.4057 16.67 0.6661 0.5062 1,690 1,466
0.4160 18.88 0.7544 0.6035 1,682 1.445
0.4109 21,07 0.8420 0.6907 1.671 1.581
0,4079 • 23,16 0.9255 0,83.08 1.662 1.704
w = 870 Ky -  0.52 Ac = 820
TABLE 86
Chloride-sulphate exchange on resin 15 Temperature 45°C
Normality of T = 0.0999N
Wt, of resin(g.) T (mis.)
xc i XC1 M b Log term
0.4049 3,92 0.1566 0,1287 1.757 0,989 *
0.4168 5.095 0.2036 0.1778 1,753 0,864 *
0,4084 7.275 0,2907 0,2653 1.746 0,776
0.4110 9.29 0,3712 0,4267 1.738 0,182 *
0.4127 11,83 0,4727 0.4171 1,728 0,898
0.4128 14,11 0.5638 0,4885 1.719 0.988
0,4060 16.34 0,6529 0.5686 1.710 1,031
0,4098 18.555 0.7415 0,6653 1.701 1,006
0.4058 20.84 0.8328 0,7329 1.690 1,249
0.4084 22,96 0.9175 0,8584 1.680 1.192
co * 1410 SCT = 0.23 AG « 1940
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TABLE 87
Chloride-sulphate exchange on resin 19 Temperature 45°C 
Normality of T ** Q.1000N
Wt. of resin(g.) T (mis.) XC1 XC1 V fB Log term
0.4162 4,01 0.1604 0,1039 1.757 1.498 *
0.4129 5.13 0.2052 0.1392 1,753 1.417
0.4082 7,39 0,2956 0.2088 1,745 1,368
0,4175 9.71 0.3884 0.2847 1.737 1.330
0,4126 11.97 0.4788 0.3548 1.728 1,360
0.4177 14.28 0,5712 0.4241 1.718 1.432
0.4171 16,53 0.6612 0,5043 1,709 1.458
0,4193 18,77 0,7508 0.5907 1.700 1.506
0.4104 20.93 0.8372 0.6938 1.690 1,532
0.4031 23.065 0,9226 0.8106 1.680 1.672
oo » 790 Ksj, « 0.47 AG = 990
TABLE 88
Chloride-sulphate exchange on resin 112 0Temperature 45 C
Normality of T = 0. 0999N
Wt. of resin(g») T (mis.) xc i XC1 f2 / fa'b Log term
0.4021 4.24 0,1694 0,1002 1.756 1.693 *
0,4071 5„4£5 0.2164 0.1339 1.752 1.620 *
0.4014 7.655 0,3059 0.2008 1.744 1,539
0.4121 9,96 0,3980 0.2796 1,736 1.437
0.4131 12.31 0,4919 0.3260 1.726 1.651 *
0.4123 14.525 0.5804 0,4091 1.717 1.583
0.4239 16.76 0.6697 0.5017 1.708 1.525
0.4100 10.93 0.7564 0,5830 1.699 1.589
0.4045 21.07 0.8420 0.6858 1.689 1.622
0.4045 23.13 0.9243 0,8182 1.680 1.638
« « 40 I<T = 0*50 A G  = 930
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TABLE 89
Chloride-sulphate exchange on resin 15 Temperature 55°C
Normality of T « 0.0999N
Wt. of resin(g.) T (mis.) XC1 XC1 fA f^B Log term
0.4072 3.99 0.1594 0.1109 1,778 1,357 *
0.4081 5.12 0.2046 0.1522 1.774 1,229 *
0,4227 7,44 0.2973 0.2385 1.766 1.090
0.4142 9,65 0.3856 0.3163 1.758 1.068
0,4131 11,935 0,4769 0.3840 1.748 1,156
0,4239 14.27 0.5702 0.4520 1,739 1.261
0.4221 16.48 0.6585 0.5412 1.729 1,235
0.4178 18,705 0,7475 0.6243 1.719 1,299
0.4095 20.88 0,8344 0.7224 1.709 1.341
0.4088 23,04 0,9207 0,8327 1.899 1.477
CO a 790 XCT a 0.29 AG a 1710
TABLE 90
Chloride-sulphate exchange on resin 19 Temperature 55°C
Normality of T a 0.0999N
Wt. of resin(g.) T (mis.) XC1 XC1 f2/ f  A B Log term
0.4062 4.00 0,1598 0.0865 1.778 1.889 *
0,4137 5.18 0,2070 0.1263 1.774 1.659 *
. 0.4088 7.42 0,2965 0,1986 1.766 1.501
' 0.4082 9.71 0,3880 0,2716 1.757 1,451
0.4189 12.035 0.4809 0.3474 1.748 1,438
0,4169 14,35 0,5734 0.4050 1.738 1.581
0.4223 16.605 0.6635 0,4917 1.729 1.559
0.4103 18.88 0,7544 0.5517 1.718 1.769 *
0.4102 21.01 0.8396 0.6742 1.708 1,683
0.4009 23.16 0,9255 0,7853 1.688 1.916 *
03 a 6io -  0,54 AG = 830
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TABLE 91
Chloride-sulphate exchange on resin 112 Temperature 55°C
Normality of T - 0.G999N
Wt, of resin(g.) T (mis,) XCi xc i M b Log term
0,4066 4,29 0,1714 0.0953 1.777 1,838 *
0.4102 5.48 0,2190 0.1213 1.773 1.872 *
0.4082 7.74 0.3093 0.1889 1,765 1.715
0,4047 10.00 0.3996 0.2544 1.756 1,683
0.4107 12.315 0.4921 0.3206 1,747 1,706
0.4154 14,61 0.5838 0.3888 1.737 1.750
0,4272 16,85 0,6733 0.4800 1.728 1,688
0.4213 19.01 0,7596 0.5712 1.718 1,690
0,4078 21,16 0.8456 0.6616 1.708 1.810
0.4054 23,19 0.9267 0.8007 1.698 1.822
co = -50 Kf ~ 0.57 AG = 760
TABLE 92
Chloride-sulphate exchange on resin 15 Temperature 65°C
Normality of T = 0.1001N
Wt, of resin(g.) T (mis.) XC1 XC1 M b Log term
0.4003 3.99 0.1598 0.0930 1.802 1,748 *
0,4150 5.52 0.2102 0.1215 1.798 1.789 *
0.4114 7.455 0.2985 0.2080 1,789 1.426
0.4004 9,68 0,3876 0.2764 1.781 1,420
0.4005 12.005 0.4807 0.3336 1.770 1,551
0,4110 14.35 0.5746 G.3998 1.761 1,635
0.4120 16.53 0.6619 0.5033 1.750 1.492
0,4107 18.80 0.7528 0.5751 1.740 1,634
0.4180 21,01 0,8412 0,6736 1.729 1.713
0.4121 23,15 0,9269 0.7839 1.718 1.961 *
w *  720 = 0,42 AG » 1230
TABLE 93
oChloride-sulphate exchange on resin 19 Temperature 65 C
Normality of T = 0.10Q2N
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Wt. of resin(g.) T (mis,) XC1 XC1 fA f^B Log term
0.4031 3,97 0,1591 0.0855 1.802 1,916 *
0.4099 5,15 0.2064 0,1230 1,798 1.723 *
0,4127 7.44 0.2982 0.1962 1,789 1.555
0,4176 9.75 0.3908 0,2656 1.780 1.536
0,4138 12.03 0.4822 0,3292 1.770 1,593
0.4170 14.36 0.5755 0.3879 1.761 1,721
0.4129 16.59 0.6649 0.4688 1.750 1.720
0.4130 18.83 0.7547 0,5525 1,740 1.779
0,4180 21.04 0,8433 0.6502 1.729 1.871
0.4097 23.10 0,9258 0,7869 1.719 1.923
to = 780 Kt -  0.62 A g = 680
TABLE 94
Chloride-sulphate exchange on resin 112 Temperature 65°C
Normality of T - 0.0999N
Wt. of resin(g.) T (mis,) xci XC1 f2 / f  A B Log term
0.4030 4.31 0,1722 0,0812 1.801 2.196 *
0.4083 5.52 0,2206 0.1054 1.797 2,201 *
0.4049 7.74 0.3093 0.1823 1.788 1.807
0,4070 10.04 0,4012 0,2468 1.779 1.778
0.4070 12.33 0.4927 0.3100 1.769 1.805
0.4257 14.725 0,5884 0.3708 1.759 1,912
0,4173 16.86 0.6737 0,4648 1,749 1,797
0,4104 19.00 0.7592 0,5627 1,739 1,749
0,4057 21.17 0.8460 0.6569 1.729 1.854
0.4039 23.21 0.9275 0.7940 1.718 1.896
co = -980 -  0.54 A G = 870
oChloride-nitrate exchange on 1*0sin N9 Temperature 25 C
Normality of T a o.XOOQN
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TABLE 95
Wt. of resin(g.) T (mis,) xc i xc i
Log term
0,4024 4.91 0.1964 0.1459 0.358
0.4040 6.09 0^2436 0.1656 0,485
0.4176 8.44 0.3376 0,2265 0,554
0.4029 10.61 0,4244 0,2751 0.665
0.4100 12.87 0.5148 0,3429 0,709
0.4099 15.06 0,6024 0.4135 0,765
0,4078 17.165 0.6866 0,5014 0.779
0,4070 19.26 0.7704 0.5940 0,830
0,4098 21,28 0,8512 0.7068 1.025
0.4048 23,21 0.9284 0.8353 0*939
co a 850 = 0.20 A g a 1990
TABLE 96
Chloride-nitrate exchange on resin N9 Temperature 35°C
Normality of T a o.IGQON
Wt, of resin(g.) T (mis.) xc i XC1 Log term
0.4042 5.04 0.2016 0.1196 0.620
0.4030 6.10 0.2440 0,1613 0.518
0,4158 8.48 0.3394 0.2129 0.641
0.4081 10.66 0.4264 0.2731 0.682
0.4072 12.85 0.5140 0,3429 0.707
0.4224 15.24 0.6096 0.3908 0.889
0.4120 17.23 0.6892 0,4917 0.830
0.4087 19,35 0.7740 0.5750 0,929
0.4095 21.38 0,8552 0.6835 1.008
0,4053 23.39 0.9356 0,7939 1,328
to = 1270 a 0.26 AG a 1740
Chloride-nitrate exchange on resin N9 Temperature 45°C
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TABLE 97
Normality of T ~ 0.0998N
Wt. ofresin(g.) T (mis,) XC1 xc i Log term
0.4018 4.9 6 0.1984 0.1332 0,476
0*4172 6*23 0.2492 0.1604 0.552
0,4074 8,385 0.3354 0,2200 0.581
0,4220 10.78 0.4312 0.2703 0.716
0,4078 12,88 0.5152 0,3368 0.738
0.4109 15.08 0.6032 0.4103 0.781
0,4146 17.21 0.6884 0.4994 0.795
0*4106 19.29 0.7716 0.5906 0,851
0,4064 21*27 0.8508 0.7065 0,863
0.4120 23.31 0.9324 0,8154 0.140
w = 930 -  0.20 AG » 2110
TABLE 98
Chloride-nitrate exchange on resin N9 Temperature 55°C
Normality of T =* 0, 0999N
Wt. of resin(g.) T (tails.) XC1 Cl Log term
0,4058 5.02 0.2008 0,1319 0.503
0.4153 6.29 0,2516 0,1430 0.700
0*4047 8.38 0,3352 0,2158 0.605
0.4047 10.64 0,4256 0.2715 0.687
0.4063 12,835 0,5134 0,3449 0.695
0,4103 15.075 0,6030 0.4108 0.779
0.4068 17.18 0,6872 0.4968 0.799
0.4091 19,305 0.7722 0,5858 0,875
0,4140 21,33 0.8532 0.6984 0,920
0,4078 23,27 0.9308 0.8227 1.065
o> = 1020 Ky * 0* 21 AG » 2120
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